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ii il INTRODUCTION II 
li I 'I During the past decade a. great amount of time and research , 
I ~ ji has been spent on the development and production ot new organic 
·' 
1: solvents. This was prompted to a great extent by thE~ necessity 
:\ 
i· 
:! of finding new uses for the by-products of the rapidl y growing 
:I ji petroleum and natural gas industries. As a result large scale 
,t 
i\ j! prodm tion of a great variety ot' alcohols, et.hers, and. esters 
1! 1'rom o.1.e1·1ns has become an important part ot thes-e industries. 
The monoa.1.ky.1. ethers or ethyJ.ene glycol, t.he "ce~lJ.osolves", !I 
lj and the mono alkyl e t hers ot· dletny J.ene gJ.yco 1 , "the Carbi tole", 
l: constl tute two series of organic so.1.vents wh i ch have galnea 
II 
i;cons iderable technical imnort.ance. They are prepare1dd !'rom !' -
t· 
il ethy J.ene oxi de and the ap~:!ropriate aJ.cohol. with the aid of 
I• 
.. 
l j -
l:heat and an acid cat alyst. Since these compounds include both 
II 
il the ether and alcohol groupings within their struct ur-es, they I 
llmake very versatile solvents, and they are e s pecially valuable j !~ecause they are completely misci ble with water, hen.ce they 
1
1
1 
!j 
!jean be used in the preparation of homogeneous solutions 
I. I Jj containing both water and complex organic compounds insoluble 
i1 I 
l! in water. I' 1-
!1 Although the cellosolves and the c arbi tole have been avail- , 
liable for many years, very :J_ittle dat a exist which would aid in 
!) 
~~their identification accord ing to ... the ordinary methods of 
!!qualitative organic analysis. A series of benzoyl and p-nitro-
" 
,, 
,,
!!benzoyl esters of the monoalkyl ethers of ethylene glycol and 
II 
i! 
i~iethylene glycol was prepared by Palomoa, and by Conn, Collett, 
-.::--.7-= :;: _-,:;c-.:_~--==-=====-==c: 
I' ~I 
!I 
II 
II 
il 
H I, 
!l 
r 
II 
~ I 2 II I =::·~===:=.=--7-=--~=-===":.::::::::~c:.::::::::::.~-=--:.-:= - --- . ·--····---· _ _ __ j -=--=· == 
j/ and Lazzel1, ( 1), ( 2), but they proved to be high boiling liquids I 
li ~ !! The first satisfactory series of deriva tives for the cellos~ 
!I olves was reported by Whitmore and Lieber (3). These investigat~I'S 
'I -i found that the potassium xanthates of the monoalkyl ethers ' 
:: I 
jj of ethylene glycol were crysta lline solids of definite melting :'I 
:1 points. The xanthates were readily prepared by heating the 
·i 
1· alcohol in slight excess with pulverized potas s ium hydroxide 
J, a nd after cooling add ing an excess of carbon disulfide. These 
!1 compounds were easily purified by recry*tallization fr om 
I! !I alcohol or acetone , and the melting points lie within a 
li 
!i satisf-9.ctory range and are well se para ted. However, it was 
J; found that this t ype o f' derivative cannot be applied to the 
L . 
j: monoalkyl ethers of dtethylene glycol, for the potassium 
d 
1; xanthate a of the c ~:.rbi to;Le are pasty or jelly-like solids. 
( 
if It would therefore be highly desirable to fi nd a series of soli, 
i' I 
jl derive, t i ves whi c-h would be applicable to both the cel.J..osolves 
J I I' ;I and to the carbitols. 
!I 
,I 
!f 
'I I! 
il 
ij ( 1) ~ i 
1: ( 2) 
i! 
Palomoa, Ber. 42, 3873, (1909) 
Conn, Collett, and LaJ,z.ell, Jour. Am. Chern. Soc., 54, 
4370, (1932) 
/' II (3) Whitmore and Lieber, Ind. Eng. Chern., Anal. Ed., z, 127, ( 1935) 
I! 
lj 
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THE PHYSICAL PROPERTIES OF THE MONOALKYL 
ETHERS OF ETHYLENE GLYCOL AND DIETHYLENE 
GLYCOL (1) 
Ethylene Glycol Ethers 
Boiling point Density gQ. Refractive 20 Index 
124.4 0.9605 1.401? 
134.7-135 0.9305 1.40?? 
169.3-169.5 0.902? 1.4190 
Diethylene Glycol Ethers 
194-195 1.039? 1.4300 
0.9650 1.4321 
Whitmore and Lieber, Ind. Eng. Chem., Anal. Ed., 1• 127, 
{1935) 
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COMMON ALCOHOL DERIVATIVES 
APPLIED '1'0 CELLOS•JLVE 
Before investigating the possibilities of new derivatives 
I, of the cellosol ves and the carbi tols, it was considered desir-
1! 
jl 
!i able to test cello solve with the reagents commonly used in pre-
!, 
1\ jj paring so~id derivatives of the alcohols. In all of these 
!l tests ethylene glycol mono ethyl ether was used. The cello solve 
~ . 
!! was a preparation of Eastman Kodak Co., 1697, and was used 
i' 
•I 
11wi thout further purification. 
I! il The phenyl urethan ( 1) is a very good derivative for 
~ alcohols, especially if they are in an anhydrous form. One 
lr 
il 
i:ml. of cellosolve was treated with 0.5 ml. of phenyl isocyanate, 
I' d 
Ji and t!J.e mixture was then warmed on a steam bath for five 
ii I 
!! minutes. A sparingly soluble white solid formed, and on re- I 
!! crystallization from carbon tetrachloride a very small amount I 
i! of white crystalline material was obtained which mel ted at 1 
" o o < ) 1 Ji 220 -230 C. 2 The amount of material was so small that a sec- l 
~ ond recrystallization was impossible, but it was evident that i 
II I 
j! the product was diphenyl urea, m. P• 238° -239°C, formed from I 
lithe hydrolysis of the phenyl isocyanate. I 
I, I 
1
1 I 
I, I 
'I ,, 
j\ ( 1) Shriner and Fuson, The Identification of Organic Compounds ! 
'I P• 143 
li (2) All melting points have applied stem corrections. I ~ I 
4 
il I 
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" 
The alpha naphthyl urethane usually make a mo.re satisfac-
q 
!\ tory derivative of the alcohols. (1) One ml. of cellosolve was 
li 
il warmed on a steam bath with 0.5 m1. alpha naphthyl isocyanate 
il 
li for five minutes. The white solid formed was but sparingly 
!! soluble in carbon tetrachloride, but was satisfactorily re-
;; 
i! crystallized from 50% ligroin, carbon tetrachloride. The first 
I' 
ii recrystallization gave crystals metling at 260°-2?00 C, and 
I! 
;I a second recrystallization brought the melting point to 290.6°_ 
1: 293.6°C. The melting point of sym. di-alpha naphthyl urea is 
iJ 
\! 296°C, so again the product obtained was due to the hydrolysis 
I' 
i! of the reagent and not to the action of the alcohol. 
IJ 
lt 
I! Although the benzoyl and p-ni trobenzoyl esters of the 
' I [: monoalkyl ethers of ethylene glycol and diethylene glycol have 
!i 
1 
!\been found to be li quid (1),,2), and attempt was made to pre-
'1 
\! pare the 3, 5-dini trobenzoate of cello solve, for the 3, 5- dini tro-
H 
j! benzoates have been found to be good deri vati vee for the common 
il 
ralcohols. (3),(4). Five tenths gram of 3,5-dinitrobenzoic acid 
liwas warmed for four minutes with 1 gm, of PC15 , the liquid II 
iiallowed to solidify, and the POC13 worked out on a porous 
ii 
J~late. The acid chloride so obtained was mixed with 1 ml. of 
1: 
i!cellosol ve and the mixture boiled for five minutes. Ten ml. of 
!/ 
I! ~ ater was added and the solid finally washed with 2,% Na2co3 I! 
!IS 0 1 U t i 0 n • ( 5 ) 
1/ 
1!(1) Palomoa, Ber. ~. 38?3, (1909) 
!/(2) Conn, Collett, and Lazzell, ~our. Am. Chern. Soc., a, 43?0, 
II . (1932) 
I 
\ 
I 
It I 
l:.i:( 43l Malone and Ried, ~our. Am. Chern. Soc., .Q.l, 3426, ( 1929 ) { Bryant, ibid., 2!, 3758, (1932) 
J\(5 Shriner and Fuson, Identification of Org. c de., • 1_41_._ ____ _ ___ _ 
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" I· 
·' 
!I The yield was small, and when an attempt was made to recrys-
•1 lj 
'I l! tallize the solid from alcohol no crystals were obtained. On 
:I 
ll continued evaporation a solid was finally obtained which 
·I 
!: slowly melted between 58°C and ?0°c. The amount was so small 
1: that 
1, a second recrystallizatl on was impossible. 
" 
jj Still another s eries of derivat i ves for the alcohols is 
~ found in the 3-nitrophthalic acid esters (1),(2). ohe ml. of 
;j I 
'I . 
!1 ce.llosol ve was heated on a steam bath with 1 gm. of 3-ni tro-
d 
~~ phthalic anhydride for five minutes, and then five ml. of water 
ll was added and the mixture heated to boiling. No solid separated 
,. 
jl 
1: on cooling, but on continued evaporation, a white solid was ob-
li tained which had a melting point of 204°-206.5oc. 3-nitro-
,! 
ij phthalic anhydrivde melts at 164°C (3) and the 3-nitrophthalic 
,, 
)! acid melts at 220°c (206) (4). 
./ 
Evidently the product was simply 
I! the ,, 
li 
,I ,, 
il 
!I 
!i 
'l 
j! 
r 
,I 
,! ,, 
1: 
ji 
d 
r 
1: 
.. ;i I; 
II li lll 1\ 2 li 3 i! 
ji ( 4 
,! 
, Ji 
free acid formed fr om the hydrolysis of the anhydride. 
Nicolet, Jour. Am. Chern. Soc., !1• 2348, (1925) 
Cohen, Woodruffe, and Anderson, J. c. s. 109, 233, (1916) 
Heilbron, "Dictionary of Organic Compounds", V ol. 111 
"Handbook of Chemistry and Physics", Chemical Rubber Co. 
,. 
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'I 
PREPARATION OF THE; ALPHA NAPHTHALIDE F ROM THE GRIGN.hRD 
REAGENT OF THE BETA-HALOGEN- ETHYL .ETh'YL ETHER 
!i 
I! Purification of Re ag ents 
!I 
!I II 
H 
I' 
,! 
ii j . 
Cellosc lve---
One hundred and. seventy five grams o f Cellosolve (E.K.l697) 
ii was trea ted with five gram s o!' anhydrous ma gnesium sulfate, a n d 
!I 
IJ jj a f ter t wo days the l i quid was f iltered through cotton and. 
11
1 disti l led t h rough an efficient fractionating column. The first 
i. and last fourths of the distillate were returned . to the stock 
J! 
·;1 bottle, and the midd le fraction ret ~ined for the preparation of 
:I 
i ll de r ivatives. 
I! Chl -· q · . oro I orm---
,, 
i) 
! 
i 
Five hundred ml. o:t' chloroform (Howe and French Technical 
I Grade) was al l owed to stand over anhydrous magnesium sulfa te 
1! for t wo days, then fi l tered through cotton and distilled , the 
'I 
l1 first and last t en ml. porti:::-:ns o t distillate being discarded. 
li 
II 
:! Thionyl Chloride---~~ The . t h ionyl chlor i de (E.K. 246) was used withou t further 
li 
i1 puri f ica tion. 
,, 
j! 
:! 
H 
Magnesium Turning s---
!: 
Ji Fifty g:rams· of magnesium turnings were washed with very 
I' !. d ilute acid (HCl) to clean the surfe.ce ot oxtde f i l m. They 
7 
~ were t hen wa sh ed repeat edly with dis t illed water, finally 
1 
:::::::::.-::·:=--::--G._:. l_~ered dry:-="~11:-.~ -=~~?~~E=-~,~~ne 1, and,-. stored i~ a--=~~~?:=:-.um======-=-'f/. ==--,=·-:::::.-==--=-= 
;l 
•I 
'I ~ I ;, I 
:; 
•I I ii 1 
!; lj 
1! !j p 
j) i' 
_  cc"~~""-~-t::::::t:: over eoncent:~t~d sulfurie acid which 11&4 previously ~ 
:I I 
:! been heated until fuming to drive out all moisture. 
iJ 
i' 
,! 
~~ Alpha Naphthyl Isocyanate---
[i ii The alpha naphthyl isocyanate (E. K. 1816) was used without 
I !; further purification. 
~ l 
il 
i! 
Dimethyl Aniline---
il :~ The dimethyl anillne(E.K. 97) was used without furtl er 
I' i! il purifiC·:=J.t ion. 
!I !i 
li 
,I 
ii ;i 
il 
ii 
il 
" 
Absolute Ether---
The ether used was Baker's Analyzed, Distill.ed over Sodium. 
ii The ether as rece1 ved was allowed to stand over freshly cut 
ii 
!: sodium slices for four hours and then distllled from the sodium, 
,I 
'• li j! the last 15 ml. portion being discarded. 
,I 
The distill ate was 
,, 
!i then treat .::- d with more clean sodium slices, re!'.Luxed for three 
!I . 
ii hours, and aLLowed to stand over the sodium for two days. 
II :, 
li At the end. of this time it was c:t ist1ll.ed, the first and. last il 
\1 15 ml. portions oi' distillate being discarded. 
!I 
I, 
II 
II 
iJ The Preparation o!' Beta-Chloroethyl Ethyl Ether 
I. 
il il li CH3CH20CH2CH20H _._ SOC12 
!i q 
!, Trial 1 ( 1) 
I 
8 
II 
I ~ 
,, 
II 
IJ 
I ~ 
1: 62 
Five teethe mol (45 gm) of cellosolve ~= 
I 
was dissolved in 
ml of anhydrous ether and the solution placed in a 500 ml 
r: 
li il 
h !I 
tl 
·= ~=--== :::::::::-:-.:~.:.::-:.-:#, ==--=-.: 
I! 
-·----·----=--== -======--·-----·=-=-=-·-=· ==~===== 
\l flask equipped wi th dropping fun nel, re f lux condenser, and 
li with mercury sea l. Sixty five hundreths mol (77.3 gm) of 
li ,, 
i! thionyl chloirde ·wa s d issolved in 62.5 m.l o ! dry chl orof orm a nd 
\\ the solution transfe r re d to a dropping t unne l • The thionyl 
1: 
!! chloride solution was t hen slowly added to the eellosolve with 
ii 
i! constant stirring ana eooasionql heating so that the mix t ure ,, 
;i 
I, i; ref .Luxed continuously • 
II 
The addition of t he thionyl chl oride 
i1 required one hourjl and after the a.ddi tion was completed the 
I. I I 
1: mixtur e wa s stirred fCI' four hours wi t.hout further heating. 11 
!i The thionyl chloride and chloroform wer e distil l ed from a ; . . 
1
, 
If j! steam bath and the residue distilled over a free f .Lame, an eff-
!1 
:; icient fra ctionat i ng column being used. 
II 
The fraction boi.L i ng 
:r jj between l00°C and 120°0 wa s collected and treat ed with absolute 
'I 
:i ethanol 
It 
li 
until the evoluti on o f gas (ethyl chloride) ceas ed. 
1; The liquid was t hen fractionally dis t illed, and the clear 
!!
1 
color less fraction boil i ng between 105.100 and 11o .1°c was 
I . 
i! reta.ined. The boi ling point of pure be t a ohloroethyl ethyl 
II 
ij j, ether is 107·108°c (2). 
'I ,, 
I, 
,, 
r: 
:j 
1: 
n 
:! 
The yield was 18.9 gm. or 34.8 %. 
Trial 2 
ii Five tenths mol of oellosolve ·an d 0.5 mol (59.5 gm.) of 
l! p 
:! thionyl chloride were a.iseolved in se para~e 62.5 ml porti ons .· 
'I 
:I 
ir of chloroform, and the thionyl chloride was slowly addea._- to 
I ~ 
I! 
!j t he cellosolve over a period. of h a l r an hour with constant 
/t 
;\ stirring and heat 1ng . Afte r tQ.e adcti t ion wa s compl eted 
i' !l ( 1) Organic Synthesis, Vol. XIV, p.l8. 
I 
I 
I 
II 
I 
\ 
I 
'I 
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!1 
i! 
ji 
rl 
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i , 
li 
!i the mixture was stirred and heated on a steam bath for one hour. 
ll The thionyl . chloride and chlorof orm were distilled from a 
q 
li steam bath, and the residue distilled through a fractionating 
·I 
!: column. The fraction boiling between 100°C and l20°C was 
I! 
!: treated with absolute ethanol as bet·ore , and the liquid again 
· I 
ij rractionally distilled. The clear colorless product ·boiling 
i' 
ll between 105.1°C and ll1.1°C was collect ed. The yield was 3.7 gm 
i! 
il or 6.8 '/o. 
,, 
" !l The usual procer.'iures for converting carbinols to alkyl 
J! halides indicate the use or a slight molar excess of thionyl 
lj . 
I! chlor i de (1), (2), (3). The use of theoretical quantities ot" 
ii 
il alcohol and thionyl chloride would. explain to some extent the 
1:' 
/
1great reduction in yield, but t h e chief reason for the greatly 
ll 
li reduced yield is believed to be the reduced reaction time. 
II II 
1: 
ii j' 
,I 
I ~ 
I' 
,: 
Trial 3 
This run wa s made to determine the eft'eet on the yield of 
:I 
j! removing the thionyl chloride before the fractional distillation 
!! The amounts o;r materials used. and. t he condi t1ons observed were 
,I 
II ii exactly the same as in Trial 1, p. 8. At the end of the four 
II 
;I hour stirring period absolute ethanol was added as before and 
It 
!I 
Jl the liquid frac t ionally distilled. Only two grams or liquid. 
I, 
' I 0 0 
!1 boiling between 100 C and 120 C were obtained. At 162oc 
i! i: the bulk ot· the r eaction mixture, now a very dark brown, 
I · li 
/i remained undistilled • The yield was 2 gm. or 3.6 %. 
,I 
!I ( 1) Organic Synthesis , Vol. XIV, p. 18. 
, I 
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!! 
ii 
_:_-.::=."-"===:-::-=..::.::::::~-=-rt:::".::-=.=--·===-~:::::-o..--=. 
'I 
liThe greatly reduced yield in t h is case was probably due to 
II 
•I 
ii 
'i t he failure to remove the unreacted th1onyl chloride before 
" :! ,, 
!1 treatmem:. w1 "th absolute ethanol. 
!j 
!. 
i! Trial 4 j ~~ I 
,I 
" ,. ,.
lj The purpose of this run 'NS.S to determine the effects of j 
li I 
// reduced heat!Jhg on the yield and of changing the method ot· j 
jl purHying the reaction mixture. The amounts ot' materials were II' 
Jj the same as in ~rial 1, p. e. The only heat 1nf" carried ou·t was I 
il 
II li a preliminary warm i ng o t· t.he cellos olve-chloroform mixture 
II 
!!prior to the addition of the thionyl ehlor1ct.e solution. At the 
11 !l end o :t the four hour stirring period, 20% sod ium carbonate 
,: 
!i solut.1on was slowly adct.ed to the r eact ion mixt ure unt il the 
., q 
!; evolution o1' gas ceased, then 20-30 ml. was added i n excess. 
!I 
j! The ehlorof orm layer was removed, washed with two 45 ml. pOrtions '' 
:1 
i! ot· cold tap water, t h en dried over anhydrous magnesium sulfate. / 
li l; The chloroform was removed on a steam bath, and the rema i ning I 
/ liqui d was frac t. ionally d i stilled. Since this treatmem:. ' 
i . 1removed t he unr eacted ce1loso1ve, the product desired was the 
I: 
I( 
i! highest boil i n g f r action. Because the volume o t· liqu i d was so 
,, j! 
/I small, cons i dera.bl.e superheating reeu.Lted, and the raage ot 
i! distillation wa s according ly increased to l00-l30°C. The 
,, 
p i' y1el.d was 7.9 gm. or 14.5%. 
~ ~ 
i' ( 2) Organic SyntheSis, Vol. XI I, p. 20. 
I! (3) Gilman and Vernon, Jour. Am. Chem. Soc., 46, 2576, (1924) 
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,, 
,. Trial 5 
li 
1: 
!i !: 
!i 
~I 
To fur ther study t he eff ect of heating and ot varying the 
;! length o 1· the 
,I 
:I \l in 62.5 ml ot 
,, 
reaction period, 0.65 mol of thionyl chloride 
ch.Lororo~m was slowly a dded to a solution ot 
I '1 0.~ mol or cellosolve in 62.5 ml ot· chlot>o :torm, the reaction 
I, 
/! mix"t.ure t>eing .tre pt eo.Ld with running tap water. The a ddition 
il required one hour, and this was fol l owed. by a two hour stirring 
jl period at room temperature. The mixture was allowed to stand 
!i :i overnight, then treated with sodium carbonate solution as 
.I 
II 
I, li previously descr i bed, and the chloroform layer removed, washed, II 
ii and dried over anhydrous magnesium sulfate. The chlorof orm ~~~ 
ii was distilled from a steam bath, and the fraction boi l ing from If I! , 
1! loooc to 123°C was retained. The yield wa s 8.8 gm. or I 
:I 
11 16.4%. 
i! I I II 
l! Trial 6 ,. :I 
seemed to give I 
i 
I! 
I' 
,I Si nce the method followed in Trials 1 to 5 
li 
ji uniformly poor yields, another me thod was sought. 
n 
Darzens rec~ 1 
il ommends t he use of some tertiary amine such as quinoline, 
;I 
!: pyridine, or dimethyl aniline as solvent when thionyl chloride 
" I! 
ii is used, the pur pose o f the bas ic compound being to remove the 
i! ,. 
il hydrogen chloride as it is formed, thereby driving the reaction 
lj 
Ji to completion as indicated in the following equation: 
li 
liB -1-!! 
ii !i Darzens 
ROH RCl B.HCl 
suggest ed tha t this method be used for the preparation 
12 
:-t-.. ·--==== 
I 
!I 
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I 
t: 
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Ji of ehloro deriva tives from alcohols ( 1) and from esters of 
II 
hydroxy acids (1), and it has been found especially valuable 
I! 
rhen alcohols such as furfuryl alcohol are used which undergo 
li ~ecomposition under ordinary conditione (3). Dimethyl aniline 
/I 
i~nd diethyl aniline have been found to be the moat satisfactory 
I. 
I' ~ olvents, although pyridine must be used with certain alcohols 
,: 
!~hich are insoluble in the former. 
/: 
ii 
,I 
!I 
i! 
Five tenths mol (45 gm) of cellosolve was dissolved in 
!~·735 mol (60.6 gm) of dime t hyl ani l ine, and the mixture was 
!i 
!!cooled with running tap water. Thionyl chloride ( 62.5 gm.) 
:, 
I, 
j!wae t han slowly added to the solution over a period of ten 
I! 
.I 
!iminutes. Considerable hea t was evolved, and the mixture turned 
., 
/!dark brown in color. After the addition was completed., the 
1: 
!/mixture was very cautiously warmed to 100°C and 1t was noted tha 
/! copious quanti t ies of sulfur dioxide were evolved. This II 
I' il warming must be carried out cautiously or the reaction will 
!I !j get out of control. One hundred ml. of water and 25 ml of 
jl ether were added after the reaction had cooled to room 
I· 
!! temperature, the layers were separated, and the ether layer 
/! was washed with 20 ml. of' 1:4 HCl, 20 ml .• of water, and 20 ml. 
/! of 20% sodium car ;.;onate solution. The aqueous layer was 
j: 
!i extracted with two 25 ml portions of ether and the comb ined 
Jl ether extracts wa shed in the same manner. All ether layers 
:, 
ii (l) Darzens, Compt. rend., 152, 1314, (1911) 
!i (2) Darzens, ibid., 152, 100!, {1911) 
Jj C3) Kirner, Jour. /l..m. Chern. Soc., .2Q, 1958, (1928). 
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!I 
II 
I! 
The il were combined and dried over anhydrous calcium sulfate. 
/I liquid was then fractionally distilled, and it was found that 
li 
:i the boiling range· w~s very narrow. The product boiling at 
i! 
I 
l 
I 
it 
!: 106.5-107 .9°C was collected. 
I' 
The yield was 31.9 gm. or 58.8%. I 
I 
I 
I! 
l! 
I! 
If 
L 
Trial 7 il 
I! 
:i This run was aade to determine the effect of reducing the 
II 
i 
' 
li volume of wash solution. The amounts of materials and the 
!i general procedure were the same as in Trial 6, p. 12, but the I 
r· I 
1! time of addition of the thionyl chloride was cut to five 11 
/! minutes. . After the sulfur dioxide had been driven off, 50 ml. j 
il 
E of water and 20 ml. of ether were added, the layers separated, 
II j] and t be ether layer washed with 5 ml. portions of 1:4 HCl, 
;: 
ti water, and 20% sodium carbonate solution. 
i! 
The aqueous layer 
!i was extracted with 30 ml portions of ether, and the combined 
ii ether extracts were washed in the same manner. 
li 
All ether 
,, 
tl layers were combined, dried over anhydrous calcium sulfate, 
!! /: and the product fractionally distilled after the ether had 
,I il been distilled from a steam bath. The boiling point range · of 
~ 0 
!1 the product was 106.5- 107.9 Cas before, and the yield was 
il 
fi 37.7 gm. or 69.6 %. 
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l1 The Preparation of Beta-Bromoethyl Ethyl Ether 
Ji 
II 
il 
ii II 
Trial l 
Since the ether linkage in eellosolve would be broken if 
11 
il HBr were used, a method was devised which was based on the 
il j; procedure for preparing ethyl iodide from ethanol, iodine, and 
l) 
,, ) !i red phosphorous ( 1 • 
li 
i! follows: 
The reaction may be represented as 
i! 3 C2H5oc2H4CH -t-
ll 
ii 
II Forty one and f1 ve t anths ml. (38.6 gm.) of cell osolve 
,I 
i: was placed in a 200 ml. flask equipped with dropping funnel, 
1: 
\i reflux condenser, and stirrer with mercury seal. Two and 
!! five tenths gm. of red phosphorous was added and .the flask 
II 
•I 
jl cooled in running tap water. With constant stirring of the 
li mixture, 15.8 gm. of bromine was sle.wly .added over a period 
jl 
1: or 15 minutes. !t is important that the mixture be stirred 
li !and · cooled, for later runs showed that considerable quantities 
I 
I 
! or· heat are generated, and unless these cond t t1ons are observed, 
I! 
!I 
li the reaction may take place with explosiv-e violence. 
,j 
i' I After the addition of the bromine was complete, the mixture i! 
jJ was allowed to stand for thirty minutes, then re f luxed over a 
,I 
/I free flame for two hours. 
ii 
The ml xture was.t then distilled, . 
tl 
:i and the distillate washed with water, saturated sodium bisulfite 
I! 
ii solution, and finally with an equal volume of 20% sodium 
1, 
[
1hydrox1de solution. The oil was allowed to stand over 
1\ l1anhydrous calcium chloride and then distilled. 
I! 
1: 
The boiling 
15 
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!1 point range of the final product was 125-l30°C, and the yield 
!i 
I' 4 tJ! :i was 16 gm. or 2 .1 fO• 
I' 
!I 
li 
1: 
Trial 2 
i! Double the quantities of material used in Trial 1 were 
r ,, 
;! used here, but the genera l procedure was the same. The time 
I! !i of addition of bromine was cut to 4 5minutes, and after the ;, 
;j 
j! addition was completed, the mixture was allowed t o stand 
,: 
jl overnight. Tt was then refluxed for two hours and finally 
,I 
I ~ 
!l distilled. The distillate was washed with 25 ml portions 
li of s aturated calcium chloride solution --and water, then with 
!! 5 ml of saturated sodium bisulfite solution, and finally with 
II 
ij an equal volume of' 20 % sodium hydroxide solution. 
)• 
il was 
I' 
,I 
li The 
The oil 
dried over anhydrous calcium chloride and then distilled. 
boiling point range was 124-129°0, and the yield was 29 gm. 
t' 
Ji or 22.15 %. 
,I 
I' 
,! 
II II 
!I I: ;i 
,, 
il 
!i ,, 
ij 
J, 
il 
" •I 
!! 
li j! 
il 
Chemistry, p. 83. 
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ll The Preparation of Beta~Iodoethyl Ethyl Ether p 
'I 
I 
I 
i li 
\i This procedure was adapted from the procedure for 
il ethyl iodide from ethanol, iodine, and red phosphorous 
!! Forty one and five tenths ml. of cellosolve was placed 
i! 
pre pari, 
{ 1) • i 
in a I 
'i .. 
11 200 ml flask 
'I I. 
!I and stirrer. II -II 
equipped. with dropping funnel, reflux condenser, 
Two and five tenths gm. of' red phosphorous 
gm of finely powdered iodine wasthen slowly ij was added, and 25 
h 
:1 added to the mixture over a per•iod of 15 minutes with frequent 
~ i 
11 cooling. 
il ll distilled. 
il 
The mixture wast hen refluxed for two hours and 
;: 
I, The distillat e was washed twice with water, once with 
il 
ii 
J; saturated calcium chloride solution, once with a small volume 
!I 
I! of saturated sodium bisulfite solution, and finally wit.h an 
:I 
II ii equal volume of 20% sodium _hydroxicle solution. 
:I 
The oil was 
i! dried over anhydrous magnesium sulfate overnigh~, then over 
I' 
'i 
if anhydrous ealeium chloride &Yer:ight, and finally distilled. 
!! The traction boiling at 120-150 C was retained. The yield was 
11 17.7 gm. or 19.3 %. 
II 
!I 
il 
li 
I' 
!! 
II il 
li 
" 'I li 
1: 
!I p 
!l (1) Gattermann and Wieland, Laboratory Methods of Org. Chem.,p • 
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!1 Preparation of the Grignard Reagent from the Beta-Halogen-
~~ 
i\ Ethyl Ethyl Et-her. 
il ' 
h 
!j 
!i 
I• 
•' !i ,, 
Trial 1 
!! 
.. 
li A 125 ml,flask was fitted with reflux condenser, dr.opping 
ii 
ii funnel, and. stirrer. Before each run, all moisture was 
il il removed from the system by passing in a stream of air which 
,, 
il 
I! had previously been passed t hrough a ca.lcium chloride tube and 
I' 
!! a hot copper tube. One and seven tenthsgm. of magnesium 
iJ 
!i turnings was placed in the flask, and 25 ml. of' e-ther was added 
1) 
i· ( l). 
II 
Beta chloroethyl ethyl eth er (7.432 gm. ) was dissolved 
l: in 15 ml. oi' absolute ether and placed in a dropping funnel. 
H 
i! Four ml. of this solution was· added to the magnesium, and. 
!i h i! stirring was started. Tt has been found. desirable to stir 
II 
~~ the reaction mixture if good yields are to be obtained ( 2). 
li It will be noted that theoretical quant.ities or magnesium 
'I 
iJ and alkyl halide were used. A mol ratio of 1:1 provides 
1/ 
ij an et·fective excess of magnesium, for some Wurtz-F1ttig 
II 
:1 reaction take s place, and this reaction requires but half the 
1: 
!I 
!! magnesium necessary for RMgX formation (3). 
'I I. 
The quantity 
I' 
:1 ol' ether may be varied within wide l imits, although if teo 
11 -
r-all an amount is used the yield is decreased (4). 
II 
I! 
rl 
\1 ~ ~~ 
r! (3) 
I! (4) 
I' 
See purification of' reagents 
Gil.man and Meyers, Jour. Am. Chern. Soc., 45, 
Gilman ana Meyers, ibid., 45, 162, (1923} 
Gilman and Meyers, ibid., 45, 162, (1923) 
16:2, (1923) 
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i' 
•I I. 
•I 
/' 
il 
'I ~=·==-=-=-~r--li No attempt was made to protect the reaction mixtur e from air, 
,, 
il it has been f' ound. tha t working under nitrogen atmosphere 
jl 
J! increases the yie l d only about 2.1% { 1). 
li 
II Although the mixtur e was warmed for sometime there was 
'I !; no evidence of a reaction. An activated magnesium catalyst 
!I 
i! developed by Gilman wa e prepared as follows { 2). 
i: 
Four tenths 
!i gm. o!' magnesium turnings and 0.1 gm. o!· iodine were covered 
li 
i! with ether, and after standing for five minutes the liqui d was 
iJ 
I! decanted and tne solid heated in a free f lame to dull redness. 
;i 
!j 
11 A e implif i ed method for preparing this catalyst has been used 
!! in some cases (3), an ·:. a copper-ma gnesium catalyst has been 
,, 
;1 
I ~ described (4), but neither was tried. 
! i 
II 
The activated magnes i um was placed. in the mi xture, but i: ;I 
II jl ii ar·ter five hours stan<fi:ing and heat ing no evidence ot· react ion 
I! 
,, was noted. 
i! 
The remain4tir or the a .L.ity l halide in ether was 
li !i added, and. 3 ml. ml ot· a soaution of ethyl magnesium bromide 
lj 
Ji in eth er was a dded. A!'ter an i nitial bubbling a rather 
I! i! Vigorous reaction took place eh ich cont i nue d: tor about 30 
ii j; minutes. 
,1 
Fifteen ml. of' the ether solution was d r awn o!'t' and treated \ 
l m1. o f a lpha naphthy l i socyanat e in 20 ml of ab solute 
Giiman and Meyers, Jour. Am. Chem. Soc., 
Gilman and Meyers, Jour. Am. Chem, Soc., 
Gilman and Kirby, C. A., 30, 3774, {1956) 
Gilman, Peterson, and SchUlze, C.A., gg, 
~. 162, { 1923). 2£, 2118, (1934) 
1134, ( 1928) 
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h 
I 
I! ether. 
li 
1: Twenty 
il 
'I 
The mixture was shaken and al.lowed to stand 15 minutes. , 
f'1ve mL o:t· 2% HCl solution was added, and the ether lay 
It separa ted and dried over anhydr ous magnesium sulf" at_,, the 
!j ether r·inaLLy being removed. by evaporation ( 1). Very little 
/I 
il solid remained, and no derivati~e could be obtained on 
}, 
" ii recrystallizat i on. 
!J A low yield of the alpha naphthalide- could be explained 
;\ 
iJ il by the fact t hat the ali:lha naphthyl isocyanate was not obtained 
1: 
I: from a fresh bottle, but failure to obtain an alpha naphtha.Lide 
il II 
H in any reasonable amounts would indicate t hat very little if 
;: ,, 
il any of the beta chloroethyl ethyl eth er was conv.er.ted into 
" n , 
/i the Grignard reagent. Since it is quite undesibable to 
d ii introduce unnecessary impurities in the preparation of deriva-
11 
1! tives, the use of ethyl magnesium bromide to initiate the 
q 
!I reaction should be avoided if possible. Four other attempts 
1: 
I! were accordingl y made to prepare the Grignard reagent from 
ll 
,I 
!i the beta-chloroethyl ethyl ether. 
II 
1: 
'I !, 
I, 
il 
,, 
I· 
.I 
" 
Trial 2 
One ml. of beta-chloroethyl ethyl ether was dissolved in 
'I 
jl 5 ml. of absolute ether and heated to boili ng. with 0.22 gm. of 
,, 
l: 
!: magnesium turnings, then allowed to stand overnight. 
:t . 
There wa.sJ 
i! no evidence of a r eaction, and the Gilman color test ( 2) was 
:I 
11 negative 
:I 
ii 
1: ( 1) Shriner and Fuson, "Ident. of Organic Compounds': p. 141. 
!i (2)Gilman and Schulze, Jour. Am. Chem. Soc., !fL, 2002, ( 1925) 
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i! ,, 
:r 
:1 ,, 
Trial 3 
In cases where the Grignard reaction is slow to start, it 
!1 has been found that a higher concentration of alkyl .halide in 
t, 
I. !i the ether solution first added to the magnesium will aid in 
'• it 
l! initiating the reaction ( 1), ( 2). According ly, 1 ml. of 
il 
il 
ii beta-chloroethyl ethyl ether was dissolved in 1 ypl. of absolute 
I' 
il li ether and added to 0.22 gm. of magnesium turnings. The mixture 
if 
1: was warmed, but no reaction t ook place. 
ij 
I; refluxed for five minutes and al l owed to stand f or one hour, 
The mi xture was then 
/i I! but a t the end of thistime 
I' ( 
no reaction had tak en place, and the 
ii Gilman color test was nega tive. 
!I 
li ,, 
li 
!I Trial 4 
I! 
I' Since iodine or dime t hyl aniline (3) is frequently used ,I 
!I !, as a cata lyst in initiating the Grignard re a ction, a run was 
,, 
,, 
/1 made using 1 ml. of b eta-chloroethyl ethyl ether in 5 ml. of 
,, 
j! absolu t e eth er and 0.22 gm. of magnesdlum turnings. The 
!l mixture was war med and a small crystal of iodine was added, 
I· 
,, but no reaction was evidenced afte r one hour, and Gilman's I' 
.I 
l! color test was negative. ;j 
II 
I! 
i! 
" !I 
!I 
:I 
!I 
1: 
il 
il jl 
I; 
(1) Gilman, Jour. Am. Chem. Soc., 45, 2462, (1923) 
(2) Underwood and Gale, ibid., 56,~117, (1934) 
(3) Gilman and Meyers, ibid, !2~- 162, ( 1923) 
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II 
11 A last attempt was ma de to prepare the Grignard reagent, th s 
l\ time using activated magnesium {1) as catalyst. One ml. of 
ji 
il beta-chloroethyl ethyl ether was dissolved in 5 ml. of absolute 
I, 
One tenth I· ;j ether and added to 0.22 gm. of magnesium turnings. 
1: jj gm. of magnesium activated with iodine wa s a dded. A slight 
jj amou-t:n of bubbling was noted, but Gilman's color test was 
i; j; negative. 
I 
I ,, 
I 
·I i: 
•' 
fi 
~~ Gilman's Color Test (2) 
j1 This color test for the qualitative identification of the 
II 
I 
I 
I 
ji Grignard reagent consists in treating 0.5-1 ml of the ether sol~ ! 
L 
\:ution of the Grignard reagent with an equal volume of Michler's 
,I 
!i ke tone in dry benzene ( 1%). The mixture is then hydrolyzed 
li by the slow addition of 1 ml. or water, and this is followed 
II 
!I 
!l by the addition of a few drops of a 0. 2% solution of iod ine 
il 
;l in glacial acetic acid. 
1: 
A characteristic blue color develops 
The test is positive for organo-j! if the test is positive. 
I 
!i magnesium halides having the -MgX group attached directly to 
I• il jj carbon, and in addition it is positive to the compounds 
It is negative 
I 
I! 
ij C6HsCai, C6HsJ3ai; C6HsNa, and CH3C6H5Na (p). 
through some j h )! for compounds having the -MgX attached to carbon 
!i 
, I 
1! (1) Gilman and Kirby, Jour. Am. Chern. Soc., .2£, 2118, (1934) 
jl (2) Gilman and Schulze, Jour. Am. Chern. Soc., 47, 2002, (1925) 
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II i' other e lament such as oxygen, sulfur, or nit~ogen. In the case 
,, 
ii of ethyl magnesium bl:"omide, the test is sensitive for 
~ ! 
il concentrations as low as 0.037 M. 
II 
I! II 
li 
I !i Preparat ion of the Grignard Reagent from Beta-Iodoethyl Ethyl 
ll . 
II ii Ether 
li 
'I II !: 
11 One ml. of beta-d.:odoethyl ethyl ether- was dissolved 
'I 
I! in 5 ml. of absolute ether and added to 0.22 gm. of magnesium 
\I 
fl turnings. Free iodine was present due to the partial 
IJ 
\!decomposition of the iodo-ether on distillation. The reaction 
j: 
1! began sportaneous l y in about one minute, and continued for 
J! 
I; 
lj about twenty minutes. Gilman's color test was negative, 
I, 
1; but when water was added a white precipitate formed wh ich 
!: 
Ji would indicate t h at some Grlgnard reagent was present. The 
;; 
jj Gilman color test was applied to an ether solution of ethyl 
ll !! magnesium bromide to test the reagents and the procedure, 
•I 
ii and an intense blue color was produced. 
:I 
II 
1' ~fuen the Grignard reagent was formed from the beta-chloro-
1' 
i/ ethyl ethyl ether it was noted that a heavy oily layer 
/i separated at the bottom of the react ion mixture. \".'hen the 
i! ji Gi!ignard reagent was prepared from the iodo- and bromo- ether 
I 
1: 
J! this lower l ayer was quit e viscous and pasty. In each case 
" .. , 
I< this 
I' li 
li the 
:i It 
1nd1cates a poor preparation, for this layer is probably 
magne sium halide etherate (l). 
!! ( 1) Conant and Blatt, Jour. Am. Chern. Soc., 51, 1233, ( 1929) 
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It 
\i 
~ reparation of the Grignard Reagent from Beta-Bromoethyl Ethyl 1 
iiEther 
II 
., 
'I :, 
'I ll One ml. of t h e beta-bromoethyl ethyl ether was dissolved 
il 
i!5 ml. of absolute ether and the solution added to 0.22 gm~ of 
!I 
/, 
'I 
in 'j 
iJmagnes ium turnings. The mixture was skaken and allowed to stand 
Jr 
i! for five minutes. At the end of this time there was no 
'• !: 
:j evidence 
I! jj eolution allowed to stand for one hour. 
II 
At the end ot' this 
!!:Period a vigorous reaction was in progress and continued until 
,I 
!!nearly al l the magnesium wa s used up. Gilman's color teet was 
;: 
!!negati vet1 but the addition of a amall amount of water produced 
,, 
!!a white precipitate. 
I 
'I I! ,, 
li I! 
" il
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1: 
!: li The Quantitative Determination ·of the Grignard- Reagent 
I' i ( 
:1 . 
ll 
J! Trial 1 
i : li The apoaratus u s ed cons i sted of a long-neck flask I 
1: ~ I 
jj calibrated at 120 ml., and e quipped with reflux condenser, I 
r ~~ dropping funnel, and stirred with mercury seal. One and j 
I! I il \! four tenths gm. of magnesium turnings was introduced into the 
1 
:! I 
!\ flask and covered with 25m ml.of absolute ether. Beta-bromo- \ 
'I I ~~ I j! ethyl ethyl ether (8.0125 gm.) was dissolved in 15 ml. of 
I! absolute ether and placed in the dropping funnel. Four ml. i 
~~ of this solution was added to the magnesium turnings along with 1
1
1 
,, 
jj a small crystal of iodine to initiate the reaction. After the 
!!reaction h ad started the remainder · of the solution was slowly 
\i added over a pe r iod of one hour, and the mixture refluxed for 
,, 
!l one hour after the addition was completed. The rate of 
!! addition has an important effect on the yield of Grignard 
ij 
!: reagent ( 1) for if the alkyl halide is added too repidly, the 
\j yield is . decreased materially. 
(I 
!1 
q The flask was then removed from the apparatus, :'and 
" 
,, 
!\ anhydrous ether was added until the total volume of the 
,, 
solution j 
:1 
'!Was 120 ml. The mixture was then stirred for tem minutes li 
!l and. al.lowed to stand f'or 1.5 hours. Three 25 ml.samples 
lj jl 
!;of the ether solution of the Gr1gnard r eagent were removed 
'I 
l! as follows. Two glass bends and a rubber stopper were 
·' ..
!l fitted to the flask in a menner similar to that used in a 
il ,, 
I 
I 
\! wash bottle. The liqu i d was forced over into 25 ml. graduates 1 
--·=:··::.-:-o.::-.···~::-= ~-"Jt~l=J~~:~J:.I!l~-.a_!l_C!c~~b J-OUI!- Am"""""'Q.hem.-d3G~.,_=t!i~ =-=-- =-= --.-::=-=--. 
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li 
li 
J! with the 
,, 
!! chloride tube containing calcium chloride and soda lime to l! . I· . il remove moisture and c arbon dioxide. The clear liquid thus 
I' 
1! removed was effectively sepa r a ted from the precipitate which 
li 
il formed in the react ion mixture. 
,, 
This procedure was found 
il ; most desirable, for all attempts at filtration of the solution 
i: !/ lead to extensive decomlJOsition of' the Grignard reagent due 
!1 to exposure to the oxygen and moisture of the air. 
II 
•I il Since the hyd r olysis ot the Grignard reagent prepared f rom . 
I, 
I' 
1: b eta bromoethyl ethyl ether would result in the formation or 
i! 
!i diethyl ether, gas ana lysis methods would obviously not be 
I! 
j' pra.ctiai.l or applicable for quantitative determinations. 
I, 
!. Accordingly the method adopted was one based on the hydrolysis 
1: 
j; or the Grignard reagent and the determination o!' the basic 
it r mate r ial formed by titration ( 1). 
/' /! 
,: 
,I 
Each 25 ml. sample of the Grignard reagent in ether was 
J! poured into a 4oo ml. Erlenmeyer flask containing 50 ml. of 
\! distilled water. ,, 
:; 
The graduate was then washed several times 
'I ,, 
.I 
,I 
;r 
·I 
I" 
!i 
!I 
II 
with distilled water, amall portions of standard sulfuric acid 
(0.2526 N), and finally with several small portions of diet1lle~ 
water, all washings being combined and added to the flask I/ 
li 
,: containing the sample• of Grigna.rd reagent. 
II 
Twenty ml. 
I' 
;: excess of the standard acid was then added to hasten solution 
i. 
j! of the ba sic ma t erials, and the -solution was placed on tre 
,: 
il 
II 
li 
!1 ( 1) Gilman and Meyers, 
I Jour. Am. Chern. Soc., 45, 150, ( 1923) 
i 
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II 
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i! steam bath overnight. By this time all the basic materials 
li had dissolved, and after the solution had cooled it was back-
11 
:! titrated with standard sodium hpdroxide solution (0.2514 N) .. , 
l j 
I! using methyl orange · as indica tor. 
!1 This method of titration gi vee results which are higher 
~~~ than those obta ined !'rom gas analysis methods, because both 
1!water and oxygen give basic decomposition products, Mg(OH)X 
i\ and ROMgX. respectively, with the Gr i gnard reagent. These basic 
ii compounds are included in the titration along with the compounds ! 
I 
\! formed form the Grignard reagaat present at the time of analysis 
1: 
:; The ti tratton method gives results averaging only 3.9 % higher 
1: than gas analysis methods, however 1 and this accuracy is great 
I 
Ji enough for the wor k at hand. 
li 
I! 
1: 
il 
ii 
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,I 
Ji Results: 
,, 
li Total Volume of solution 
il Volume of eaeh sample 
i; Trial 1 
I! Final burette reading (H2so4) 
!I il . . 
li Initial burette reading " 
'! volume of 0.2526 N H2so4 
! Fina l bure-tte reading (ltaOH) 
,, 
li Initial burette reading " 
!i 
!j Volume of 0.2514 N Na.OH 
~~ Equivalent volume N H2so4 
I ! Equivalent volume N NaOH 
i Volume of N Grignard rea gent sol. 
,, 
!I Wt. _ Gr1gnard reagent in 25 ml. 
1·
1 
samples - - · I . 
11
1
' Wt. of Grignard reagent in total 
! sample 
I 
I 
I Theoretical yield 
I . il Percent yield 
,, 
;I !I Average Yie ld 
ii 
II /, 
I! 
I, 
li 
I! 
,I p 
•' 
li 
i 
48.03 
0.39 
47.64 
40.10 
0.25 
39.85 
12.03 
10.02 
2.01 
0.35655 
1. 7114 
9.290 
18.42 
-= ----- -----~- =-----=-=-:::-=::,.:.=-- -=~==-=-==-=------------
" lo 
li 
'I 
II 
II 
Trial 2 
48.8 
1.3 
47.5 
40.09 
0.18 
39.91 
12.00 
10.03 
1.97 
0.34945 
1.6773 
9.~90 
18.05 
18.14% 
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120 m 1. 
25 ml ~ 
Trial 31 
49.42 
1.25 
48.17 
41.~5 
0.66 
40.59 
12.16 
10.20 
1.96 
0.3467 
1.66881 
9.290 
17.96 
ii 
II 
!: 
li 
li 
.. .... ,...,_ -=· -=-=-=== . .:~\==-==-====-=-= 
/I !: 
II 
II il 
Trial 2 
lj 
!j The procedure foLLowed in preparing the Grignard reagent 
!: was exactly the same as outlined in Trial l (p.27). Beta-
'I 
I 
l bromoethyl ethyl ether (8.0277 gm.) was used and the weight of 
i 
/
'! magnesium and the volume of ether were .::c.exa.ct'ly the · same as in 
Ji Trial 1. In th i s determination, the ether solution of the 
'I 
1: Gl"ignard reagent was diluted to 250 ml. in a volumetric flask, 
II !I the residue in the reaction flaslt being washed repeatedly with 
!I smal l p ortions of ether to remove the last t races o:t' Grignard 
!I 
j! reagent. Fifty ml. portions of solution were taJcen and 
jJ analyzed for Gr1gnard reagent as previously described. 
II 
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1! Results: 
I! 
,: 
il 
r Tota.L volume of solution 
lj Volume of each sample 
I: 
li 
~~ Final Burette reading (H2so4 ) 
II Initial burette reading " 
lj Final burette reading (NaOH) 
!i Initial burette reading " 
!i Volume ot' 0.25'=?6N H2S04 
i! 
:1 Volume of 0.2514 N NaOH 
II li Equ 1 valent vo .Lume N »,.eH.~. 
II i! Equivalent volume N H~e4 
I' 
1
1 Volume of N Grigaard reagent sol 
li 
j! Wt. of Grignard reagent in 50 ml. 
:
1 sample 
•I 
:1 
IJ Wt. of Grignard reagent in total 
!: sample jl . 
!i Theoretical yield 
11 
ii Percent yield 
1! Average yield 
II 
I! 
li 
:I 
ll 
\I 
ij 
,, 
I ~ 
:I 
'I 
1: 
Trial 1 
16.56 
1.9 
5.13 
0.25 
14.66 
4.88 
.1..227 
1.703 
2.476 
o.4399 
2.1995 
9.30 
23.65% 
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250 ml. 
50 ml. 
Trial 2 Trial 3 
34.65 49.6 
16.41 34.3 
13.62 19.42 
5.00 15.62 
18.24 15.~ 
8.62 5.80 
2.161 1.458 
4.6(Jf 3.8o5 1 
2.436 2.4o7 I 
0.4328 0.427 
2.1640 2.137 
9.30 9.30 I 
23.30% 23.~ 
23.33% I 
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1! Preparation of the Alpha-Na.phthalide 
li 
r 
il 
I! 
t! 
The failure of beta~chloroethyl ethyl ether to react 
I' . 
;I readily with magnesium, the low yields obtained in the 
J, conversion of cellosolve into beta-bromoethyl ethyl ether, and 
II 
I! the low yields obtained when this alkyl halide is converted 
!i into the Grignard reagent all indicate that this method would 
I! hardly be practical for the preparation of derivatives. Howeve 
ll 
I! to complete this part of the problem, the conversion of the 
,. ~~ Gr1gnard reagent 1ntot he alpha naphthal1de was undertaken. 
1i Blaise (1) first investigated the reaction between the 
tl 
li Gr1gnard reagent and phenyl isocyanate, and later Gilman (2) 
~ developed a mechanism for this reaction. According to this 
!i mechanism, the Grignard reagJb.et adds to the carbonyl group 
!1 of the isocyanate, and this is followed by hyd r olysis and 
~~ rearrangement according to the following equation: 
! CIDHsN·C .. O 'tRMgX ~c._HsN=C-OMgX HOH) C,H5N=C-OH -c._H5"N-C-=O 
I R R H R 
II Later Schwartz and Johnson (3) applied this reaction to 
i! the identification of alcohols and alkyl halides. Gilman and 
,I 
:i H Furry (4) showed that the alpha naphthyl isocyanate is a better 
II 
1: reagent than the 
II 
,, 
phenyl isocyanate, becaus e the alpha 
!i naphthalides are of higher molecular weight than t the anilides 
j, 
!! { 1) 
!i ~§~ 
il (4) 
'I 
li 
I, 
----- ~ 
I II 
I! I! 
./ ;I 
I· 
i 
Blaise, Compt. rend., _ill, 38, (1901) 
Gilman and Kinney, Jour. Am. Chern. Soc., ~. 493, (1924} 
Schwartz and Johnson, Jour. Am. Chem. Soc., 53, 1063, { 193 ) 
Gilman and Furry, ibid., .2Q, 1214, ( !928} 
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II and show a greater tendency to come down as solids, have higher 
ji ,, 
1: melting points, are less soluble, and are more easily 
II 
1: recrystallized. In addition, the great insolubility of sym. 
I· 
!l di-alpha naphthyl urea is ligroin favors purification of the 
li i! product if an excess of the isocyanate is used. If the 
i 
, Grignard reagent r eacts slowly, however, the phenyl isocyanate 
r is the more s atisfactory reagent. 
I. 
li Underwood and Gale { 1) further developed this method 
i! for identifying alkyl ha1hides, applying the procedure which I; 
11 they developed to the preparation of anilides, toluides, and 
,, 
1! alpha naphthalides, and the procedure outlined below was 
ii ii adapted f rom the earlier work of Schwartz and Johnson (2). 
li Two ml. of bet.a · iodoethyl ethyl ether was treated with 
1! lo ml. of absolute ether and 0.44 gm. of magnesium turnings. 
h 
II The reaction- started almost immedi ately, and the mixture was 
II stirred under r~flux for one hour. One ml. of alpha 
,, 
1'1 naphthyl isocyanate was dissolved in 10 ml. of absolute ether 
'I .  
I! and added to the solution o f the Gr1gnard reagent, and this 
!I 
11 1 d b 20 ll was fo lowe y minutes stirring. Twenty five ml. of 
q 
h jj 2 % HCl was added and the mixture again stirred for 20 minutes. 
1: The ether l ayer was sepa~ated, dried over anhydrous magnesium 
I 
I! sulfate, and the ether removed by evaporation. The residue 
li !I was recrystallized first from hot methanol and t hen from hot 
:I ,, 
I' 
,! 
1
!
1
1 ( 1) Underwood and Gale, Jour • .Am. Chern. Soc., 2.§, 2117, ( 1934) 
•
1 
( 2) Schwartz and Johnson, ibid., 53, 1067, \1931) 
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=--r-·- i ligroi~ with ~-- ~~~li amount of d;~~lo;i~ing charc~-~1-'~dded. 
! A small yield of crystals was obtained, but the amouet of 
' 
!j solid was so small than further recrystallization was impossible 
!i The melting point of the crystals wa s rather i Ddistinct. At 1 
I' ii 79-80°C there was a marked decrease in the volume of the sample 
.II with some melting, but as the temperature · was raised the mass 
II seemed to solidify, and finally slowly melted betweem 130°C 
!! 0 
!1 and 147 C. 
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THE PREPARATION OF SOLI.U DERIVATIVES OF THE 
'. - .... -
ORTHO-B~NZOYL BENZOATE OF ETHYLENE GLYCOL 
-- ·- . ·---l 
I 
II 
,, 
II 
ll 
!I 
I! 
., 
I! 
MONOETHYL ETHER 
In 1904 Bouveault (l) reported a new method for identifying 
!! alcohols which are ordi~arily difficult to identify because 
il 
11 their esters are liquids and the urethane are soluble is the 
:1 common solvents such as ligrodn or carbon tetrachloride. 
io 
il . 
rHe suggested that the ester be prepared from pyr\\vic acid , and 
,I d i! this keto ester converte into the semicarbazon& or some other 
:i 
' I 
:1 common ketone derivative. This esterification involves a 
I' 
.j 
li long heating period ( 1), ( 2), making the method rather 
!i impractical, but the idea of esterifying the alcohol w)li1h 
'I 
!i an acid which contained an active carbonyl group, and then 
I' 
I' 
lj preparing a solid derivative o :t' this keto ester ofrered 
ll interesting possibilities. 
/, 
II 
II Since 0-benzoyl benzoic acid is r eadily available and 
I 
!i under ordinary conditions is quite stable, and since its 
p 
'! esters would have a rather high molecular wttght, it would be 
,I 
~~ reasonable to assume that the ketone derivatives of these eaters 
!! would be solids. Accordingly, an attempt was made to prepare 
ilthe C)-benzoyl benzoate of cellosolve , and convert this ester 
1: 
:I into a solid derivative. 
I ~ 
I' 
II 
!i (l) Bouveault, Compt. rend., 138, 984, (1904) ii (2} McKenzie and Miller, J. Chern. Soc., 2_2, 545, (1909) 
'I 
ll 
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I; The Purification of o-Benzoyl Benzoic Acid. 
,, 
ti I 
ii One hundred grams of O.benzoyl benzoic (student preparatio 1 ) 
I , 
:j 0 
!1 m.p. 92.5-95 C was recrystallized once from hot 50% ethanol 
): 
ii water mixture, activated charcoal being used to decolorize the 
,: 
li product. 
'r 
1
/J funnel and washed once with cold water. Since o-benzoyl 
~~ benzoic acid crystallizes from · solution with one molecule of 
/! water of crystallization, the acid was heated in the oven at 
/1 110°C for ten hours, and the anhydrous acid so obtained was 
,, 0 
I• 
11 finel.y pulverized. m.p. 128.4-12919 c. 
rl 
I! 
The crystals were freed. of liquid on a Buchner 
,, 
il 
1: The Preparation of o-Benzoyl Benzoyl Chloride· ( 1) •J 
1
' •. ! ,1. , 
:! Thirty gm. of anhydrous o-benzoyl benzoic acid was mixed 
!j I 
11 with 30 ml. of thionyl chloride in a 200 ml flask equipped I' 
!I 
j with water condenser. The miXture was warmed on a water I 
! bath at 50-55°0 for four hours·, then allowed to· stand overnight 
/i at room temperature. 
" 
A viscous oil remained althoughthe acid 
!I chl~ride is said to be a solid melting at 59-60°0 (1) ; 
il il 70°C (2). 
:I 
ii 
!! No method of purification is given in the literature. 
11 A small amount or· the o 11 was added to water, and no react ion 
,! 
I' II was evidenced, so it was assumed that the activity of' this 
I' 
1j aicd chloride with water was of the same order as that of 
II 
.j 
j! 
.I 
I. 
I 
., 
!I 
il 
II 
li ji 
( 1) Martin, Jour. A.rn . Chem. Soc., 38, 1142, · ( 1916) 
( 2) Richter, 11 Lex ikon der Kohlensto1f Verbindurtgen, Y.ol. 3, p. 269!. 
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~ benzoyl chloride. Twenty five ml. of water and 25 ml of 
'I 
1: ether we r e added • On agitation a vigorous evolution o :f gas 
II took p lace accompanied by the precipitation of a white solid. 
i! This solid was recrystallized from e-ther, but it was obviously 
/! i! not the acid chloride because an elementary analysis for the 
II elements by sodium fusion showed absence of halogen, and an 
" •I 
!1 alcoholic solution ot t h e solid gave no precipitate with 
il 
It is there r ore evident that this il alcoholic silver n i trate. 
1/ 
11 aedd chloride is readUy hydrolyzed by water, so pur i ncation 
!i by t his method is impossible. 
i 
II Trial 2 
'I 
!r 
II Thirty gm. of a-benzoyl benzoic acid was mixed wi th 30 
!I ml of thionyl chloride as previously described. Air wh ich was 
II 
/i previous l y dried a md warmed by passage t h r ough a calcium chlori ·l 
/i tube and a hot copper tube · was bubbled slowly through the 
II 
/J react ion mix t u r e by means of' a long glass tube r eaching down 
'r 
li through the reflux condenser to the bott.om ot· the reaction f las 
II This prpcedure was recommended by Martin ( 1). The mixture was 
J, 
j! heated at 50-55°0 ror 12 hours, then plac'ed under vacuum to 
" i! 
1: remove the unreactect thionyl ch loride. No solict was obtained, 
// and cooling i n an ice-nitric ac i d bath produced a very thick 
II I! paste which liqu i~ied again when the material was allowed to 
d 
'I li warm to room temperature. No crystals forme d after t wo days. 
I' j; 
/' 
I! (1) Martin, Jour • .Am. Chern . Soc., .2§, 1142, (1916) 
I· 
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h 
il 
11 The Preparation of the o-Benzoyl Benzoate of Ethylene Glycol 
,I 
:I 
1: Monoe"thyl Ether. 
I' 
,, 
,! 
Trial 1 
I! 
" II Ester formation was fir st attempted by use of a metallic ,, 
n hl ,, salt of t he o-benzoyl benzoic acid and beta c oroethyl ethyl 
ii 
Jl ether. Ordinarily this reaction is carried out by heating 
jj the alkyl halide with the silver salt of · the acid or w-ith 
!I the potassium salt or· tne acid in a s olu'tion of the free acid 
lj 
,, ( 1). 
II 
J; 
,:the sodium and silver salts o t o-benzoyl benzoic acid 
'I 
/1 were prepared a s follows: 
li Ortho benzoyl benzoic acid {22.6 gm.) was suspended in a 
11 small amoun't of water and an aqueous solution ot sodium 
l' ii hydroxide containing 2 gm. o!' alkali in 2:::> ml.or water was 
II 
q 
1! added. The acid dissolved and the total volume of' solution 
!I 
11 was made up to 160 ml. 
i! I ii Sixty ml. of the solution wa s tre ated with 5% silver nitra; 
jl I 
l
j solution as long as a precipitate f'ormed. The silver o-benzoy l 
,j benzoate was digested for one hour on a steam ba th, filtered, 
1: washed twice with cold water, and filtered dry on a Buchner 
1: funnel after which it was dired in air. Yield 6.2 gm. 
!i The remaining 100 ml. of solution was extracted once with 
J: ether, then evaporated to dryness on a steam bat.h. 'J.'he sodium 
li 
/' o-benzoy l benzo 8.te was dried in air and finely powdered. 
d 
!j Yield 5.3 gm. 
I 
_. 0~-= =JLll1g_~~Y1J:>e-otto.m.J==~~~""· 
li 
I! 
'I 
II ,, 
II 
1: 
n 
'I I! 
., 
I ~ 
'I 
II --
il 
ii 
il 
==-:::===-====:-::=-::=-=--- -·-- =-=-=--=-=·--= ---- ----- =·=--=-=-=-==-===== 
Five gm. ot· the sodium salt ot· o-benzoyl benzoic acid 
'· J! was dissolved in 35 ml o:t' 95% ethanol, and to this was added 
ll 2. 5 ml of beta ch.Loroethyl ethyl ethel". The mixture was 
II 
1
: ret'luxed for 1. 5 hours. The reaction product was thenextrac -
ii 
I, ed severa.L times with ether, but on evaporation of the ether, 
il 
Ji only a few drops of' oil remained. 
!\ 
!I 
I• Five gm. ot· tne silver salt ot o-benzoyl benzoic acid 
Il
l 
was dissolved in 35 mi of 95% ethanol, and 2 ml. of beta 
p 
J/ ch.Loroethyl ethyl ether was added. 
,, 
The mixture was refluxed 
'i II 1.5 hours. Reduction to a metallic silver mirror was noted, 
II although the amount ot reduction was evidently slight. 
/! The product was extracted with ether, but the results were but 
II 
11 little better than when the sodium salt was used. 
II I 
;l 
I! 
I' 
iJ 
I! 
,, 
Trial 2 
The procedure ~or this reaction was adapted from 
I! 
!' 
!1 McMullen's work in preparing the me thyl ester or o-benzoyl 
!! li benzoic acid. Six gm. ot· ce11osolve was placed in a 200 m.L 
/j f iask equipped with dropping funnel, reflux condenser, and 
,, 
ji stirrer. The acid chloride oot~ined from Trial 2, p. 36, 
II 
1: was dissolved in 100 ml. of ether, and 50.3 ml. o!' this 
lj li solution was slowly added to the ce1.Loso1ve. 
I! 
Considerable 
II quantities ot· HCl were given ort during the course o:t' the 
!i ,, 
I' !l McMullen, Jour. Am. Chern. Soc., 38, 1228, ( 1916) 
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·I j, p 
ji react ion. A-~"te r the addition was completed the mixtur e was I 
,! 
li s t irred t or half an hour, then poured into sod ium bicarbonate 
I' J 1: il solution. The ether laye-r wae removed and the aqueous .Layer w 
ij 
!I ext racted nice Wi t h ether. 
/! and dried over anhydr ous magne s i um sul:ra t e. 
All ethe r .Layers we r e comoined 
li ,, 
li 
li 
11 
Trial 3 
:: o-Benzoyl benzoyl chlo!' ide wa s pr epared ~rom 15 gm. of' 
i: d 15 t r O-benzoy .L oenzoic ac i and ml. Of' h1onyl Ch.Lor ide as 
1! pr eviously descr1beti. 
I, 
The pr oduct was d 1sso.Lved 1n 50 ml. 
I' 
11 or ether and s.Low.Ly added to 2~ m.L. or cellosolve as described 
IJ in Trial 2, p 38. After the addition was completem the soluti 
! 
i was warmed on a steam bath for one hour, stirred two more hours, 
I 
i ii and fina lly poured into sodium bicarbonate so l ution. The 
li ,, 
ll ether layer was separa ted, and the aqueous l a yer extracted 
i 
1 t wice with ether, and the ether l ayers combined and 
I 
/i dried over anhydrous magnesium sulfa te aftery wh i ch the 
i! lj solution was diluted to 100 ml. 
li 
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ii The Preparation of the 2,4-Dini trophenylhydrazone of the 
,, ,, 
!I a-Benzoyl Benzoate of Ethylene Glycol Monoethyl Ether ( 1) ( 2) ( 3) 
ji 
I' 
., 
It has been f ound that 2,4-dini trophenyl-hydrazine 
lj 
lj i s a good reagent for preparing solid derivatives of common 
II · 
Its use is limited, f or it !i aliphatic carbonyl compounds. 
jl cannot be applied to urea or alpha hydroxy ketones, and the 
II 
II -
11 carbonyl compounds must be pure or the purification of the 
,, 
iJ product will be diff icult. ( 1). The procedure used in 
!1 pre paring these derivatives of the o-benzoyl 1:s nzoate of 
Jl ce llosolve was adapted from the me thod outlined bp Allen ( 1)(2) • 
. I 
I' ij Trial 1 I. 
!I The ether s o lution of the o-benzoyl benzoate of cellosolve 
IJ p r e par ed in Trial 2, p.38, was dis solved in 666 ml. of 95 % 
I; 
I! ethanol, and 10.2 gm. of 2,4-dinitrophenylhydrazine was 
1; added. The mixture wa s stirred and heated to boiling, 
'I 
!
1
12 ml. of concentrated hydrochloric acid was added, and the· 
I· il solution refluxed for ha lf an hour. A~ the end of this time 
ii i; it was cooled to room tempera ture ana f iltered. 
·J 
The solid 
I: so obtained was recrystallized from hot ethanol and dried in 
li 
II air. The melting point was 199-200°0. A second recrystalliza -
Jl ion yielded a solid melt ing a t 199-2oooc. The melting point 
li 
ji of 2,4-d ini trophenylhydrazine is 199-200°C(ldetermined) · , and 
II -,j a mixed melting point o f the preparation and 2,4-dinitrophenyl-
~ 0 l! hydraz ine was 199-200 c. 
= =-=-==-=1j ( 1) Allen Jour. Am. Chern. Soc. 52,_~-~~"-= ().9~0) __ _ 
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II 
•' 
It was thought tha t the reflux period with HCl might have 
if 
ii effected the hydrolysis of the 2, 4-dini trophenylhydrazone. 
I' il ii The solubility of 2,4-dinitrophenylhydrazine was tested in 
!i 1:8 HCl (cold) but considerable time was required to dissolve 
i! it even in cold concentrated HCl. Y!arming the solution is 
/I therefore necessary to effect compil:.ete solution ot' the 
j: unreacted 2,4-dinl trophenylhydrazine. 
,I 
li 
II 
1: 
" I! 
'I 
!I II I, 
!I 
I! ji 
Trial 2 
Twenty ml. o f the ether solution obtained from Trial 3, 
II 
1! p. 39), in the preparation of the o-benzoyl benzoate of 
il 
I! celloso l ve was evaporated on the steam bath until only the 
/I ester remained. One and five t enths gm. of 2,4-dinitrophenyl 
Ji hydra zine and 100 ml. of 95~s ethanol were addedil and the 
II 
" !I solution heated to boiling. Two ml . of concentrated HCl 
I' 
II was added, and the mixture refltl1<ed with stirring for five 
. minutes, then all owed to cool, and filtered, the solid being 
i! il ~I washed once with cold ethanol. 
'I 
The crude product melted at 
1: 
I! 
I· il p 
II 
II 
II 
ii 
I II 
,, 
0 197-199 C and a mixed melting point of the preparation and 
2,4-dinitrophenylhydrazine was 197-199°0. 
(2) Brady, J. Chem. Soc., 756, (1931) (3) Strain, Jour. Am. Chern. Soc., 21, 758, {1935) (4) Shriner and Fuson, "Identification of Org. Cpds", p. 148. 
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Trial 
Five ml. of t he ether solution of the cellosolve ester 
obtai ned from Trial 2, p. 38, was evaporated on the steam bath 
until only the ester remained. One gm. of hydroxylamine 
hydrochloride was dissolved in 6 ml. of water, 4 ml. of' 10% 
sodi um hydroxide solution was added, and the solution t hen added i 
! 
to the ester. Enough 95% ethanol was added to just clear the 
s olution. The mixture was warmed on the steam bath for 20 
minutes, then cooled in an ice oath, and 2 ml . of water was 
added to aid i n the precipitation of the oxime. The white 
solid thus obta ined was recrystallized f rom hot 1:4 ethanol-
water solution. 
I 
li 
\I 
! 
I 
I 
I 
A sodium fusion was ca.rried out on the product, and a faint J 
test for nit rogen was obta ined. The product melted at 151.7-
154.7°0. Recrystallization from 1:1 alcohol water mixture 
!gave a product melt ing at 161.5-163°0. 
1 Since it was possiOle that the alkaline condition of the 
eac t ion mixtur e caused the hydrolys i s of the ester, the oxime 
sodium o- oenzoyl ben z. zoa c. e was prepared. Five tenths 
• of a-benzoyl oenzoic acid was mi xed wi t h 2 ml. of wat er, and 
sod1uJ1). hydroxide solution was added until the solution 
as alkaline to li t mus. Four ml. of' 10% sodium hydro xide 
I 
elution was added, and the solut ion heated f'or ten mi nutes : . 
. I 
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solid removed, and finally the solid wa s washed repeatedly with J 
cold water. The melting point was 162.5-163°0 A mixed j1 
melting point of the oxime of the ester and of the sodium 
0 
o-benzoyl benzoate was 161.5-163.5 C. It may be safely 
assumed that we have the oxime of the sodium s yat instead of 
the free acid which we use to compare with the oxime of the 
ester, because the free acid was completely neutralized with 
alkali be~ore treatment with hydroxylamine hydrochloride, 
and in addition the 4 ml. of alkali wa ~ added to free the 
I 
!I 
il j 
: 
1 hydroxylamine. 
I 
It is there f ore ev!ldent that the oxime obtained: 
!!j simply the oxime of the sodium salt of o-benzoyl i in Trial 1 was 
I 
! benzoic acid result ing from the hydrolysis of the ester. 
II 
ii 
l! 
'I 
!j 
!J 
I 
I Trial 2 
~~~ To overcome the difficulty of hydrolysis of the ester, 
. a second run was made using a large excess of hydroxylam ine 
hydro chloride. Five ml. of the ether solution of the ester 
from Trial 3, p. 39, was evaporated as before, and to the 
ester wa s added a solution contai ning 3 gm. of hydroxylamine 
I hydrochloride, 6 ml. of water, and 3. 5 ml. of 10% sodium 
hydroxide solution. Alcohol was added until the solution 
cleared, the solution was he ated for ten minutes on the 
steam bat~ and finally it was cooled in ice-HCl mixture. 
( 1) 
( 2) 
Shriner and Fuson, "Identif ication of Org. Cpds., p. 145 
Hickinbottom, "Reactions of Organic Compounds", p. 137 
I 
i· 
:I II 
,, 
:I 
li 
il 
II 
II 
il 
1\ 
\I 
lj 
t 
44 
----------------- ---=--=--==-====---==---===-=-r;, ---=:::=~-c=--:::--=-
separated which would not solidit y in the J 
freezing mixture, but which slowly changed into long slender \ 
i 
I 
white crystals over a period of six days. The crystals melted \ 
at ll5-l21°C, and on recrys tallization, melted with decompositi~n 
at 150-159°C. An insufficient amount of material prevented 
~ fubther recrystallization, but it is evident that the oxime 
does not provide a practical derivative for identi f ication 
purposes. 
The Preparation of the Semicarbazone of the o-Benzoyl Benzoate 
of Ethylene Glycol Monoethyl Ether. (1),(2),(3) 
Ten ml. of t he ether solution of the ester obtained in 
Trial 3, p. 39, was evaporated on t he steam bath until only 
the ester remained. This ester was dissolved in 10 ml. of 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
95 % ethanol, and water was added unt il the solution was just 
turbid, then a few drops of ethanol were added to clear it. I - On ' 
gram of semicarbazide hydrochloride and 1.5 gm. of sodium 
acetate were added, and the mixture wa s placed in boiling water 
in wh i ch it was allowed to cool to room temperature and finally 
cooled in ice. An oil separated '.vhich was washed twice with 
water and tested f or nitrogen by sodium fusion. A negative 
nitrogen test was obta ined, but this may have been due to the 
low nitrogen content of the sample. 
Shriner and Fuson, ''Identification of Org, Cpds", p. 145. 
Shriner and Turner, Jour. Am. Chern. Soc., 52, 1267, (1930) 
Michael, ibid., .11, 417, ( 1919) 
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1 The Preparation of the Phenylhydrazone of the o-Benzoyl Benzoatejj 
I :, 
1 of Ethylene Glycol Monoethyl Ether ( 1) (2) J\ 
I 
i 
II 
Ten ml, of the ether solution of the ester obtained from 
I 
T ial 2, p. 38, was evaporated and the ester dissolved in 10 ml. i 
.,.. 
' I 
of 95 % ethanol. Water was added as before, and the turbidity l 
removed by the addition of a few dro ps of ethanol. Four tenths! 
ml. of phenyl hydrazine and a drop of glacial acttic acid 
were added, a nd the solution was warmed on a steam bath. On 
i 
! 
I 
I 
cooling the solution 1~ ice, a th i ck orange gum separated which 1 
was but difficultly soluble is 1:4 HCl, 1:2 HCl, and 1:1 acetic !I 
acid. A positive teet for nitrogen was obtained on sodium 
fusion, so the gum was believed to ~ be the phenylhydrazone of 
the keto-ester. 
(1) Shriner and Fuson , "Identification of Organic Cpds", p. 37 
(2) Hiokinbottom, ''Reactions of Organic Compounds", p. 136 
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! TH~ PREPARATION OF SOLID DERIVATIVES OF BETA iTHOXY ETHOXY 
J. 
ACETONE 
Following the idea of Bouveault, an attempt was made to 
pre pare a di-ether from cellosolve which would contain an 
active carbonyl group, bJ reacting the sodium alkoxide of 
cellosolve with chloroacetone. 
li 
II 
,I 
I' 
' 
i\ 
It 
l! 
!i p 
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'I 
il 
I 
Cellosolve (9.8 ml.) was dissolved in 25 ml, of ether, and i 
I 
I 
the solution was refluxed with 2.5 gm. of sodium for 20 minutes.! 
Chloroaeetone (6.63 mi. or lO gm.) d.issolved in 15 ml. of 
absolute ether wa s slowly added to the ether solution of the 
sodium alko~de, the unreacted sodium having been previously 
removed, and the mixture was refluxed for one hour after the 
addition was completed. When the chloroacetone was first 
added the solution turned deep red, and as the addition was 
conttnued, the color turned to a dark brown. 
After the reflux period, water was added and the layers 
were separated. The ether layer was washed with water, and i 
i 
ethf:i the aqueous layer was extracted three times with ether, all 
layers being combined and fina l ly washed with water. The 
ether solution was then dried over anhydrous calcium sulfate 
and diluted to 100 ml. with ether. 
Five ml. of th i s ether solution was removed for the 
preparation of the 2,4-dinitrophenylhydrazone,(Tr-J~l 1), 
I j 
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and the remainder was fractionally distilled. After the ether l 
had been removed, 5 ml. of a red oil remained. This oil was 
dissolved in ether and boiled with a ctivated charcoal, but this 
attempt to decolorize it failed. The ether solution was then 
diluted to 50 ml. and used in the preparation of other ketone 
Jderivatives. 
I 
iThe Preparation of the 2,4-Dinitrophenylhydrazone 
I 
Trial 1 
i 
il 
'I I. 
I' 
I 
j! 
:I 
;I I. 
' I 
II I, 
\ 5 ml. of the ether solution was dissolved in 100 ml. of I 
I' I ~ 5% ethanol, and 1.5 gm. of 2,4-din1trophenylhydraz6ne· was \ 
jladded. The 2,4-dinitrophenylhydrazone was lJrepared according ' 
,I 
~o Shriner and Fuson (1), and the crystalline solidobta ined aft~ 
1 
ne recrystallization from alcohol melted at 198°c which ts 
melting point of 2,4-dinitrophenylhydrazine. 
Trial 2 
Since it is pos s ible that the amount of ketone used in 
ria l 1 was insufficient for preparing the derivative, 20 ml. of 
he e t her s olution wh i ch had been d iluted to 50 ml. was dissolve~ 
n 100 ml. of 95 % ethanol, and 1.5 gm. of 2,4-ainitropheny1-
ydrazine was added. Again the preparation was carried out 
ccording to Shriner and Fuson (1). A brown crystalline solid 
hich ~ lowly charred without melting on a he ated spatula, and 
(1) Shriner and FUson, ~ 11 Ident1f'icatlon of Organic Cpds", p. 148 
•. . --==.:.::.=.--::.::-::..=::..:=:..-..:::...: 
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which gave a mixed melting point of 196-198°0 with 2,4-dinitro-
phenylhydraz.ine. i!.l 
i 
Preparation of the Oxime !I 
'I Ten ml. of the ether solution of the ketone was evaporated !! 
at room temperature under vacuum, and the o11 which remained \j 
was treated with 0.5 gm. of hydroxylamine hydrochloride, 3 ml. 1 
of water, and 2 ml. of 10 % NaOH solution. Enough ethanol 
was added to clear the solution, and the oxime was prepared 
according to the method outlined by Shriner and Fuson (1). 
'I II 
I II 
After standing overnight only a very thin film of solid Ji 
deposited on the walls of the flask, the amount being insuffici- \ 
I 
I 
:I ent ::· ;BoTaa melting point determination. 
~ Preparation of the Semicarbazone II J II 
II 
I 
I 
Ten ml. of the ether solution of the ketone was evaporated 
as described before, and the semicarbazide prepared from the 
oil remaining , using 1 gm. or semicarbazine according to .the 
I 
I 
i 
i 
I 
\method outlined by Shriner and Fuson (2). No solid was 
I 
\obtained. 
Preparation of the Phenylhydrazone 
Tan ml. of the ether solution was evaporated under vacuum, 
d the phenyl hydrazone prepared from 0.2 ml. of pr-.enylhydrazine 
ccording to S~riner and Fuson(?). The product was a dark 
1) Shriner and Fuson, "Ident1ficat ion ot· Org. Cpds", p 145 
2) Shriner and Fuson, ibid., p. 145 
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brown, insoluble oil. 
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THE PREPARATION o~- ~UATERNARY AMMONIUM SALTS FROM THE 
BETA-HALOGEN ETHXL ETHYL ETHERS 
I 
Since the quaternary ammonium sal~e ar e tor the most part 
crystalline solids, several a"ttempts were made to prepare such 
crystalline derivatives from the beta-halogen ~"thyl ethyl ethers 
previously prepared and, and a ter~iary amine. The general 
method for preparing these compounds consists in mixing the 
alkyl halide and the tertiary amine with or without a solvent 
such as benzene or ether, and either allowing the reaction to 
ta.l(~:: place at room temperature or ref lwcing the mix"tute t·or a 
period of time (1},(2),{3),(•). The reaction may be indic ated 
as follows: 
R'R"RN 
-t- RX R'R"RRNX 
The Preparation of Dimethyl-Phenyl-Beta~Ethoxyethyl 
Ammonium Chloride 
Dimethyl aniline ( 7.1 ml.) and O<.A ml. of beta chloroethyl 
ethyl ether were mixed, the solution refluxed for half an hour, 
land then allowed to stand at room temperature overnight. No 
lprecipi tate formed, so 15 ml. ot· water and 15 m.l. of ether were I 
added, the layers separated, and the aqueous layer evaporated 
to dryness. A very small amount of white solid remained which, 
when dissolved in water, gave a white precipitate with aq14eous 
silver nitrate. It is theref ore evident that the quaternary 
( 1) 
(2) 
(3) 
(4} 
Hickinbottom, "Reactions of Organic Compounds", 
Pope and Read, 3. Chem. Soc., lQl, 528, (1912) 
Pope and Read, ibid., lQl, 523, (1912) 
Harvey, ibid, §£, 412, (1904) 
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50 
ammonium ealt wa s :formed, but the yield waol very low. j 
The ether layer was allowed to stand for three weeks, then I 
I 
1extracted with water (3-25 ml. portions) and these extracts com- i 
i 
bined, washed once with ether, and evaporated to dryness. Only l 
I 
I 1a thin film of solid remained. The ether layer was allowed t o 
\stand unstoppered f or two months, but no solid formed. 
!I 
I 
I 
I 
'l'he Preparation of Diethyl-Phenyl-Beta-Ethoxyethyl 
Ammonium Chloride. 
Beta chloroethyl ethyl e~her \ 6.4 ml.) and 8.8 ml. of 
diethyl aniline were refluxed for half an hour and allowed to 
stand overnight. After two weeks standing at room temperature, 
I 
il 
!I 
il 
II 
Jl 
I 
I 
!I 
ll 
no solid had appeared, BQ'~t the end of the third week 15 ml. of !I 
{ I 
ther was added and the solution extracted with water as pre• 
iouely described. The aqueous layer was evaporated to dryness 
leaving a Tery t h in film of whit:.e solid, but the amount was so 
small that a melting point could not be taken. No soli d f ormed 
in the non-aqueous layer after standing for two months. 
If a poor yield was obtained with the dimethyl aniline, a 
still smaller yield would be expect ed with the diethyl aniline, 
for in this type of reaction the reaction velocity with the 
atter is considerably lees. (1) 
(1) Hickinbottom, "Reactions of Organic Compounds", p.273 
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I 1 The Preparation of Dimethyl-Phenyl-Beta-Ethoxyethyl 
Ammonium Bromide l 
I 
Dimethyl aniline (4.2 ml.) and 4 ml. of beta bromoethyl 1
1
. 
ethyl ether were mixed without heating and allowed to stand at j 
room temperature. After three weeks no change had taken place J 
so 15 ml. of ether and 30 m1. of water were added and the 
layers separated. The aqueous layer was evaporated to dryness 
leaving a brown oil which could not be permanently solidified 
in an ice-HCL bath. At the end of two months, however, the 
oil had partially solidified into masses of long, slender cry-
stale. In the same length of time, no change was noted in the 
non-aqueous layer. 
I 
,I 
'I I. 
I' 
I 
., 
The Preparation of Diethyl-Phenyl-beta-Ethoxyethyl 
Ammonium Bromide 
Betabromo-ethyl ethyl ether (1.4 ml.) and 2 ml. of 
l 
diethyl \ 
I 
aniline were allowed to stand at room temperature for three 
weeks. No solid appeared so the siHution was treated with 
10 ml. of ether and then extracted with water. Evaporation of 
the ~queous layer gave a thin film of solid, and no solid 
formed in the non-aqueous layer after standing for two months 
unstoppered. 
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The Prepa,ration of Methyl-Phenyl-Benzyl-Beta-Ethoxyethyl 
Ammonium Bromide. 
Four ml. of beta bromoethyl ethyl ether and 5.3 ml. of 
methyl benzyl aniline were mixed and allowed to stand for 
three weeks. Ether was added at the end of this time, and the 
solution extracted with water. On evaporation of the aqueous 
layer a very thin f"ilm of white solid remained, but the amount 
was so small that a melting point could not be taken. No 
solid formed in the non-aqueous layer after two months. 
The reason for the failure to obtain quaternary ammonium 
salts is probably due to the very small reaction velocity 
which is characteristic of many reactions of this type. 
1 
I 
I 
'I 
Dimethyl aniline has the highest and diethyl aniline the lowest I 
reaction rate of the amines studied in this research. (1) 
The reaction velocity decreases markedly with increase in 
length of the hydrocarbon chain, and this factor might also 
help to account for the very slow reaction of the beta-halogen 
ethyl ethyl ethers. (1) 
Marvel and others (2) reported a method of identifying 
tertiary amines by heating the amines with the methyl ester of 
p-toluene sulfonic acid, theregy forming the quaternary 
ammonium salts of p-toluene sulfonic acid. Since the proper-
tion of hydrocarbon in the molecule is large, these compounds 
Hickinbottom, "Reactions of Organic Compounds'', p.273 
Marvel, Scott, and Amstutz, Jour. Am. Chern. Soc., 51, 3638, 
(1929) --
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have sharp melting points. The preparation of such quaternary 
ammonium salts has been reported previously in the literature 
(1)(2)(3), and it seemed possible that the salts formed from 
~he p-toluene sulfonate of ethylene glycol monoethyl ether and 
dimethyl aniline and homologs should provide satisfactory 
crystalline derivatives. 
The Preparation of p-Toluene Sulfonyl Chloride 
Trial 1. 
Eight ml. of thionyl chloride was dissolved in 15 ml. of 
benzene and the solution slowly added to 1?.2 gm of p-toluene 
sulfonic acid over a period of twenty minutes with constant 
stirring. The mixture was then refluxed for 30 minutes after 
which the benzene was removed by distillation from a steam bath. 
The residue was distilled at 25 mm. A colorless liquid came 
over at 100°-130°C but after a small amount had distilled at 
this temperature, the temperature rapidly rose to 250°C at which 
point distillation was stopped. The distillate solidified, 
and the solid was recrystallized from hot benzene, then dis-
tilled at 2-5 mm and the distillate boiling at 140o-2oooc was 
etained. p-Toluene sulfonyl ch~oride boils at 146°C at 15 mm. 
( 4). 
!1l German Patent 1?0048; Chern. Zentr. I, 1857, (190?) 2 Simon and Frerejacquee, Com~t. rend., 1?8, 945, (1924) , 3 Rodionow, Bull. soc. chim. l4), ~' 30~(1926) 
4) Fieser, "Experiments in Organic Chemistry", p. =1 21 
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Trial 2. (1) 
Thirty five gm. of finely powdered PC15and 45 gm. of p-
toluene sulfonic acid were slowly mixed, and after the vigorous 
reaction had subsided the mixture was heated for two hours at 
l?0°-180°C. Every half hour the flask was removed, cooled ten 
minutes and shaken until the mass became pasty, then replaced 
on the oil bath. 
At the end of the heating period 100 ml. of cold water 
nd 100 gm. of ice were added, and the solid p-toluene sulfonyl 
was filtered out, washed twice with water, and finally 
ried in a vacuum desiccator. The product was used without 
further ~urification. 
The Preparation of the p-Toluene Sulfonate of 
Ethylene Glycol Monoethyl Ether 
Trial 1. 
Ten gm. of p-toluene sulfonic acid was dissolved in 15 ml. 
lof ether, and the solution slowly added to 8 ml. of cellosolve 
dissolved in lb ml. of ether. The ether was used to dissolve 
the solid and acid and to dilute the reaction mixture. Five 
enths ml. of concentrated H2S04 was added as catalyst. The 
Fixture was refluxed fo r one and a half hours, then water was 
dded and the mixture -: extracted three times with ether. The 
ether layers were combined, washed with 10% sodium carbonate 
and water, and finally the ether was evaporated on the steam 
(1) Organic Synthesis, Coll. Vol I-X, p.?? 
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!! bath. A few drops of oil remained. This was probably the 
ll I\ ester, but the yield was so very low that the procedure as car-
li ii ried out would obviously be impractical for the preparation 
,, 
1: 
,, of derivatives. 
,, 
1: 
li Trial 2 
Two gm. of p-toluene sulfonyl chloride was mixed with 10 li li 
1/ m1. of cellosolve and the mixture heated on the steam bath for ~~ 15 minutes. Ether was then added and the solution was washed 
! with 10% sodium carbonate, water, and finally the ether layer 
was dried over anhydrous magnesium sulfate. The ether was then 
1 removed by evaporation, and about 5 ml. of oil remained. 
j! 
·I I, 
II 
!I 
Trial 3 
Two gm of p-toluene sulfonyl chloride in 10 ml. of benzene 
li lj was slowly added w1~h stirring to 1.5 ml. of cellosolve in 10 
J, 
l! ml. of benzene and the mixture was then heated on a steam bath 
,, 
!/ for about 20 minutes. !he solution was treated with dimethyl 
!I 
l1 aniline as will be described later. 
'I 
I' I 
I 
I 
I 
I 
The Preparation o:r Dimethyl-Phenyl-Beta-Ethoxyethyl 
Ammonium p-Toluene Sulfonate 
'l'rial 1. I! 
li The p-toluene sulfonate of ethylene glycol monoethyl ether 
!, obtained in trial 2 was dissolved in 15 ml. of benzene, and 5 
li !j ml. of dimethyl aniline was added. The mixture was refluxed 
li ror 30 minutes and the benzene was evaporated. After three 
j! 
,I 
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il I, 
I! 
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jl 
,/ 
i: 
~=-~- L~~~s :~e c 1 ear li 'l~i d--was extracted ~:~ ~:~e~ and the a __ q_u_e :~s ., 
~~ I 
j, 1 was evaporated to dryness on a steam bath. 'l'he residue I il ayer 
li was a viscous blue tar which failed to solidify permanently I 
'I 
li when cooled in an ice-HCl bath or on standing for two months. I 
., I II 
I! However, after two months, t n e water insoJ..uole layer solidified . 
,, 
li 
'i to form a mass of pale blue crystals. 
I ,, 
!i Trial 2 
li The benzene solution of the p-toluene sulfonate of 
!! cellosolve obtained in trial 3 (p.56) was refluxed with 1.3 ml. 
II 
'l of dimethyl aniline for 30 minutes. The mixture was allowed 
I 
I to stand overnight and the benzene then evaporated leaving ~~ a purple tar. After three weeks the tar was extracted with 
1i water and described in trial 1, but evaporation of the aqueous 
1: layer left only a viscous blue tar. The tar did not solidify, ,, 
:i but at the end of two months the non-aqueous layer had partially/ 
!solidified. 
1
. 
I 
II 
li 
I' 
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li 
The Preparation of Dimethyl-Phenyl-Beta-Ethoxyethyl 
Ammonium Benzene Sulfonate 
Trial 1. 
li I' Ten ml. of cellosol ve, 20 ml. of 10 % sodium hydroxide ~~ solution, and 5 ml. of benzeneaulfonyl chloride were shaken 
!i together for 10 minutes. lo ml. of benzene was added, the mix-
,1 
\l ture refluxed for 30 minutes, and the benzene layer finally 
li 
jlremoved, washed with water, and dried over anhydrous magnesium 
,,sulfate. 
,, 
~~~t 
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!I 
il Four ml. of dimethyl aniline was added to the benzene !j 
ji !I solution and the mixture refluxed after which the benzene was 
'l l·i t. removed by evapora 1on. The viscous blue oil which remained 
11 was~llowed to stand f or three weeks, at the end of which time 
!! I 
li 15 ml. of ether was added and the solution extracted with 
r 
,! 
The bulk of the material dissolved, and on evaporation •I water. I• 
1
1 
of the water a blue tar was left wh ich could not be permanently 
! solidified by freezing in ice-HCl mixture. Af ter standing for 
II two months the tar slowly changed into large heavy white 
!! crystals, but the non-aqueous layer never solidified. 
I! 
li 
I 
I 
I 
i 
Trial 2. 
Eight ml. of cellosolve, 20 ml. of 10% sodium hydroxide 
!I' solution, and 4 ml. of benzene sulfonyl chloride were mixed 
1
1 
and the benzene sulfonate of the cellosolve was prepared 
,, 
j: exactly as outlined under trial .l. After the benzene had been 
ll 
!j removed the mixture was allowed to stand for three weeks, then 
/1 
11 extracted with water. Evaporation of the aqueous solution 
! produced a deep blue tar which would not permanently solidify 
I 
I in ice-HCl mixture. 
I 
I 
At the end of two months the aqueous 
!! extract had partially solidified, but no crystals had formed 
II 
j! in the non-aqueous layer. 
,, 
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I THE OXIDATION OF CELLOSOLVE 
i 
I 
I 
1: 
Trial 1 
li Sime all attempts to prepare a satisfactory derivative 
It of cellosolve had thus far failed, the oxidation of cellosolve 
il 
II 
1: to beta ethoxyacetic acid was attempted with the view in mind 
1: 
11 of preparing satisfactory derivatives of the acid so produced. 
il 
;; Although K2cr2o7 : H2so4 mixture is sometimes used for oxi-
!1 
11 dizing alcohols to acids the product is usally contaminated 
ji 
:1 with esters, aldehydes, and acetals ( 1), and therefore alkaline I, 
J! 
ll permanganate is preferable as an oxidizing agent (2). 
l: 
i\ Celloaolve (21.4 ml.) was dissolved in 500 ml. of water ,, 
,, 
!: containing 23.4 gm. of KMn04 and 6 ml. of 10% NaOH. The mixture 
!I was refluxed for 5 and one half hours, the precipitated Mno2 i 
l1 was filtered out, and the filtrate reduced to half its ,, 
!I 
II li volume by evaporation. 
!i li and steam distilled. 
li 
The liquid was then made acid to litmus 
The distillate was saturated with NaCl 
i: 
:: and extracted with 4- 50 ml. portions of e'ther. The ether 
I! 
!i extracts 
II 
were combined, dried over anhydrous Mgso4 , and frac-
distilled. All of the material came over below !00°c, 
il !i tionally 
li 
!! whereas the boiling point of ethyl glycolic acid is 206oc (3). 
I' 
I' 
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Hickinbottom, "Reactions of Or~anic Compounds", p 88. 
Fournier, Bull, Soc. Chim, {IV), ~' 920, {1909) 
Handbook of Chemistry and Physics, Chemical Rubber Co. 
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Trial 2 
Cellosolve (21.4 ml), 800 ml. of water, and 46.8 gm. of 
li 
!!potassium permanganate, and 12 m1. of 107; sodium hydroxide were 
ij refluxed for 7 hours and · after filtration the solution was 
~! evaporated to half its volume. The solution was then acidified 
!lith dilute sulfuric acid, and extracted with ether as described 
,, 
II 
li in t r ial 1. The ether extracts were fractionally distilled. 
li !I The bulK of the material came over at 1000-130°0, and no materia 
li 
liooiled over 150°C. 
lr r , 
il 
I' I lj 
Trial 3 
II 
II 
The failure to obtain beta-ethoxyacetic acid in the pre-
livious runs was believed to be due to the severe oxidizing con-
ljdi tiona, so the following method of oxidation was attempted.\ 1) 
I 
I 
I 
I 
! 
i 
11
1 
Twenty-eight gm. of potassium permanganate, 550 ml of water 1 
I 1 jrnd 13 ml of cellosolve were mixed in a liter flask and 30 ml 
i~ f water con~aining 3 gm. of Sodium Carbonate was added. The 
!buxture was~laced in an ice bath and stirred for one and a half I! 1.¥ 
j! 
~ours, then allowed to stand in the ice bath overnight. The 
,, 
!~anganese dioxide was filtered out, and the filtrate was evapor-
JI ;I 
i! ated to 150 ml, after which 75 ml. of ether was added and 
I! dilute sulfuric acid was added until the aqueous layer was 
I! li strongly acid to litmus. The ether layer was removed and the 
li 
!\ aqueous layer was extracted with 3-50 ml portions of ether. 
I' ,I 
ij (l) Hickinbottom, "Reactions of Organic Compounds", p.88. 
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1 magne s 1· um I ii All ether layers were combined, dried over anhydrous 
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sulfate, and finally fractionally distilled. After the ether 
had been removed on a steam bath the volume of residue was 
so small that further distillation was impossivle 
il 
= ."7C- .::·.:===!· =-==-=======-=-===-===========- -,-.=.=.=.=:-:....=-..• 
•l 
" li 
!i 
!I ,, 
61 
i THE PREPARATION Ob· T~TRACHLOROPHTHALIC AC ID EbT~RS OF CELLOSvLV · 
AND METHYL CARB ITOL 
The TetrachloDophthalic Acid Ester of Cellosolve 
Fessler and Shriner (1) first suggested t he tetrachloro-
phthalic acid esters as s a tisfactory derivatives of' te~iary 
alcohols which undergo dehydration or rearrangement under the 
ordinary conditions of este r ification. The method which they j 
proposed consisted in preparing t he alkoxy-magnesium halide j 
of the alcohol and al l owing this to react with the tetrachloro- jJ 
phahalic - anhydride. The action of acid chlorides on a lkoxy- ~~~~ 
magnesium halidel'f was firs t obser ved by Gri i~ nard ( 2), and 
ii Hauben (3) later applied :the reaot1on,·w1th ·l acid chlorides and 
acid anhydrides as a general method for esterifying primary 
and secondary alcohols. 
ROH + 
Cl 
CloC0\.0 01 CO' 
01 
+ 
ROMgBr 
ROMgBr ___, 
01 
ClQCOOH Cl COOR 
c 
01 
Cl oCOOMgBr + 
01 , COOR 
01 
HCl 
(1) Fessler and Shriner, Jour . Am. Chem. Soc., 58 1384, (1936) 
(2) Grignard. , Compt. rend., lt6, 1200 , (190!} 
(3) Hauben, Ber., 22, 1736, 1906) 
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Trial 1 I 
I 
Two and five tenths gm. of magnesium turnings were covered ~ 
with 30 ml. of anhydrous ether and 10.89 gm. of ethyl bromide I 
dissolved in 75 ml. of absolute ether was slowly added over a ··1 
I 
period of three quarters of an hour with constant stirring. 
Forty five ml. of ether was than added, and the mixture re f luxe 
for 20 minutes. Nine gm. of eellosc lve dissolved in 50 ml. 
of absolute ether was then added to the vigorously stirred 
solution of' ethyl magnesium bromide over a period of 30 
minutes. One hundred and seventy five ml. of anhydrous 
1,4-dioxane and 28.6 gm. of tetrachlorophthalic anhydride were 
added and the mixture stirred at 50-55°C for one hour. The 
contents of the flask were poured onto 500 gm. of finely 
cracked ice, and acidified with 125 ml. of 2 N hydroch loric 
I 
I 
i 
I 
I 
I 
acid. 
I 
I The unreacted tetrachlorophthalic anhydride was removed 1 
I 
on a Buchner funnel and the ether and water layers separated. I 
! 
! The aqueous layer was extracted with 1- 25 ml. portion 1 
of ether, and the combined ether layers were ex t racted with I 
1- 100 ml. Port ion II ice cold 5% sodium hydroxide solution, using 
followed by 1- 25 ml. port ion. The sodium hydroxide layers J 
we r e combined, and 6 N HCl was added until the solution was .i 
strongly acid. A yellow oil separated, and on · cooling in I 
an ice- HCl bath for half an hour it slowly changed into a 
white solid which was then removed and dried in air. 
was then dissolved in hot ether and hot ligroin was added until 
cloudiness appeared. Cooling in ice-HCl mixture produced the I 
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same yellow oil which slowly solidified giving a finely 
divided crystalline prepipitate. The precipitate was washed 
with cold ether-ligroin (1:1: and dried in air. The yield 
was 3.5 gm. or 9.33 %, and the melting point was 73.5-74°0. 
The melting po int of tetrachlorophthalic acid is98° (d.) and 
the me 1 ting point of tetre.chlorophthalic anhydr&de is 255oc • 
Recrystallization of the solid from ether-ligroin (1:1) 
0 
raised the melting point to 92.9-94.4 C, and a third recryst-
allization gave a melting point of 94.9-95.9°0. It was noted 
\that all of these were really decomposition points. At no 
time during the determination did the solid completely melt. 
There was marked softening at the values given, followed by a ~· ; 
I' 
!solidification as the temperature raised, and the final complete ! 
1
melting point in every case wa.a around 250°C, the melting 
I 
point of the tetrachlorophthalic anhydride. If the ester is ! 
I heated on the steam bath, the resulting cryata. lline material is II 
I 
readily recrystallized f r om hot ligroin-ether without an oil 
Jappearing, 0 and it melts at about 250 c. 
I 
I Trial 2 
A second run was made, using 8.8 ml. of ethyl bromide and 
2.6 gm. of magnesium turnings. The amounts of materials 
used and the procedure followed were exactly as outlined in 
Trial 1. The weight of crude product was 16.9 gm. or 
45 % theoretical, and this may be considered as a good yield, 
as the high yields reported by Fessler and Shriner (1) were 
round _.50~~=-===-=-Th-~__c_r_u~e _:g:r_o.Q,]JQ..t __ ~_h_o_wgq __ signs Q.f_§of~~}}_i_:r:t§,.==-=--== 
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ether, and the insoluble tetrachlorophthalic anhydride was 
!filtered out. Precipitation was induced by the addition of 
hot ligroin, and cooling in ice-HCl caused the oil which 
separated to solidify into a white crystalline solid. No 
sharp melting point or decomposition point could be obtained, 
1. 
II 
:i 
'I 
il 
l 
! 
I 
and the only value obtained was 247-250° C which is the meltin ' 0 
point of the anhydride. ;I 
I 
I 
I 
Evaporation of the filtrate from this solid gave in turn a i 
0 
solid melting at 200 C, and the evaporation of the filtrate i 
from this solid gave still another solid melting at 55-71°0. 
Trial 3 
Since the method used in Trials 1 and 2 is rather long and 
involves several oper::::.tions, four attempts were made to prepare 
the acid ester of cellosolve by direct reaction between the 
cellos olve and the acid anhydride. 
Three gm. of tetrachlorophthalic anhydride and 1 ml. of 
cellosolve were heated for one hour at 55° C, and the drude 
I 
I 
I 
I material dried in air. The yie l d of crude product was 1.3 gm. j 
I 
and the melting point was 250-252°0. 
Trial 4 
Three ··gm. of tetrachlorophthalic anhydride , 1 ml. of 
il 
I 
I 
i 
!I 
II 
/ ( 1) Fessler and Shriner, Jour. Am. Chern. Soc., 58, 1384, (1936 ~ 
· I I 
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cellosolve, and 2 ml. of anhydrous 1,4-dioxane were heated at 
55°0 f or one hour and the solid obtained wa s dried in air. The 
yield was 132 gm. The solid was taken to 260°0 at which 
temperature only sof tening was noted, and the product slowly 
charred without melting on a heated spatula.. 
Trial 5 
Three gm. of tetrachlorophthalic anhydride, 1 gm. of 
cellosolve, and 2 drops of concentrated sulfuric acid were 
0 
heated for one hour at 55 C. The yield of crude product was 
1.05 gm. and t he melting point was 2500~252°0. 
Trial 6 
Three gm. of tetra chlorophthalic anhydr ide and 1 ml. 
of cellosolve were heated at 100°0 for one hour. The yield 
of crude product was 1.58 gm. a nd the melting point was 
250-252°0. 
I 
I' 
'· 
The Tetrachlorophthalic Acid Ester of Methyl Carbitol 
" 
Ethyl magnesium bromide was prepared in the same manner 
and in the s ame amount as .out lined in Trial 2, · p 64 , 
Methyl oarbitol, (11.58 ml.) dissolved in 50 ml. of anhydrous 
ether was added to tbe ether solution of the Grignard reagent 
with vigorous stirring. The mixture was refluxed for 30 
minutes, then 175 ml. of anhydrous 1,4 dioxane and 28.6 gm. 
of tetr.s.chlorophthalic anhydride were added. The mixture 
0 
was stirred at 50-55 C for one hour, and the rest of the 
procedure was exactly as outlined in the pr eparation of the 
11· 
I 
cellosolve eater, Trial 1. : 
I The crude product was recrystallized from 1:1 ether I 
[ligroin ~iving a yield of 11.1 gm. or 27.3% theoretical. J 
~ sharp melting point could not be obta ined. A slight sof'tenins!l 
~as noticed at 95°0, and at. 170-190°0 there was further i 
r often1ng. The solid melted completely at 244°0. Warming the I 
· erivative on a steam bath produced a white solid melting at 
0 36.1-243.1 C, this evidently being impure tetrachlorophthalic 
nhydride. 
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GLYCOLIC ACID 
Since phenols may be identified by preparing the aryloxy-
acetic acids from chloroacetic acid (1), it was hoped that 
!corresponding derivatives could be formed fro~ the sodium 
I 
lalkoxide of cellosolve and some salt of chloroacetic acid. 
/If such acids were not so l i ds, it would be possible to prepare 
/solid derivatives of the acid. 
i 
jThe Preparation of Beta-Ethoxy-Ethyl Glycolic Acid 
/the preparat ion of t he morpholine salt of chloroacetic acid (I) 
jand the reac·: ion of this salt with t he sodium alkoxide of 
I 1cellosolve (II). The chloroacetic acid is converted to its 
salt to prevent the decomposition of the sodium alkoxide. 
The p-phenyl phenacyl ester is prepared by reacting the sodium 
salt of the acid from II with p-phenyl phenacyl bromide (III). 
I 
, 
II 
,CH2 CH2, 
/ 0 ,. NH~HOOCCH20C2H4oc2H5 ;- NaCl 
· 'CH OH 
, _, _, _ --= l :u_ __ f?!!r ~~ !'_ :'Ond \''!~~}}• _ "]:_~.:tJ !'J_q!' H £"- 9X_9 rg ,_ _ Qj>g_~'_. _p_, _ _! 48 . 
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I 
I 
III + 
' 
+ NaBr 
Ten gm. of cellosolve in 20 ml. of absolute ether was 
i 
i 
I 
i\ 
!I 
refluxed with 2.6 gm. of sodium until reaction ceased. At; the ' 
same time 10.5 gm. of chloroacetic acid in 15 ml. of absolute 
ether was slowly added to 15 ml. of morpholine in 15 ml. of 
a bsolute ether. The two solutions were then mixed, and a 
reaction was evidenced by vigorous boiling of the ether. 
S :.venty ml. of absolute ether was then a dded, and the mixture 
(!!> 
refluxed for two hours with stirring. Since a large amount 
of solid was present at all times due to the insoluble 
morpholine salt, it was impossible to detect the precipitation 
of sodium chloride. 
The ether solution was removed by evaporation, and the 
white solid remaining was treated with dilute sulfuric acid 
until acid to litmus after which the aqueous solution was 
extra cted twice with ether. The ether solution was then 
washed twice with water and dried ove r anhydrous magnesium 
sulfate after which the ether was distilled from a steam bath. 
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Three and seven tenths gm. of a viscous oil remaine d which was 1 
strongly . acid to litmus and which would not solidif y on coolin, 
in an ice-HN03 mixture, or on being allowed to stand for two . 
1! i; weeks at room temperature. 
I ' 
i! ,. 
II 
li 
II 
j/ The Preparation of the p-Phenyl Phenacyl Ester of Beta-Ethoxy 
i! 
1
; Ethyl Glycolic Acid. ( 1) 
I 
I. 
The beta ethoxy ethyl glycolic acid was carefully r ,, 
'I % I· neutralized with 10 sod ium hydroxide solution, and a fe w drop 
II 
ji of the free acid which 
ji 
had been reserved were added to make t 
II 
!I 
jl 
I' 
solution faintly acid to litmus. Thirty seven ml. of 95 % 
ethanol was added, and 6 gm. or p-phenJl phanacyl bromide 
li 
I' dissolved in the solution. 
,J The p-phenyl phanacyl bromide 
il 
ij 
! 
I 
i 
li 
·I 
I' 
,I 
II 
:I 
'I II I, 
II 
'I I, 
II 
:f ,. 
1: ,, 
II 
,, 
II 
" 
lj 
I' 
i· ,, 
I; 
li 
ij 
I, 
was a student preparation, and was purified before use by 
recrystallization from hot ethanol. The mixture was 
re f luxed for one hour, al l owed to cool, and the solid removed 
by filtra t ion. Recrysta l liza~ ion of the solid r rom hot 
ethanol gave a pale yellow crystalline material melting at 
168.6-169.6°0. 
The solid was recryst a llized a second time from hot 
A third ethanol, and the melting point was 168.1-169.6°0. 
recrystallization gave a solid melting at 169.6°0. 
p-~henyl phenacyl bromide melts at 126-127°C (determined) 
and the p-phenyl ph~nacyl ester of chloroacetic acid melts 
at 116.2-117. 7°C (determined) • 'j 
Shriner and Fuson, "Identification of Organic Cpds'', p.lJ. 
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Trial 2 
Five tenths gm. of sodium was rerluxed for ~0 minutes 
:: with ~ ml. of cellosolve dissolved in 10 ml of absolute ether. 
il At the same time, 2.1 gm. of chloroacet~c acid was dissolved 
I 
/ in 10 ml. of absolute ether and neutralized with 2 gm. of 
I 
I morpho line. 
d 
The ether solution ot· the sodium alkoxide o!' 
II the cellosolve was the n decanted into the ether solution 
Ji c ontaining the precip itated morpholine salt of chloroacetic 
·I 
iJ acid, and the mixture was ref'luxed f or 30 minutes. 
!I i! Twenty ml. of 1:4 sulfuric acid was added, and the solutio 
r/ 
II extracted t wice with ether. 
" li 
The ether was then evaporated 
ij at room t emperature under vacuum, leaving a brown oil. A 
lo 
II 
li 10% sodium hydroxide solution was then added to the oil until 
il ii the solution was just alkaline, and then dilute sulfuric acid 
!! 
i: was slowly added until t he solution was jUst acid to litmus. 
I! 
,· 
1: To this solution was added 100 ml . of 95% ethanol .e..nd 5 gm. 
,I i! of p-phenyl phanacyl bromide, and the mixture refluxed for 
II 3 • 5 hours • 
II 
:; The solid was r emoved by filt ration aft.er the sol ution had 
'I 
I
ll cooled , and it was then recrystall ized from hot 95% ethanol. 
!i The yield or reery stalliz:d product was 2.3 gm., and the 
ii melt1ng point was l 20-12C: c. A second. recrystallization 
1i produced a solid melting at 1~4 .5°0, and a third. recryst.alliz~:-
, 
j tion ra i sed to melting point to 1~5-126°c. Evidently the 
I 
I, jj amounts o f s t art i ng materials were so small that only a small 
,: 
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11 amount of the p.-phenyl phe_nacyl eater wae produced, and this 
I j! was lost in the recrystallization, for the melting point of 
I 
II the product corresponds to that of . p-phe nyl phanacyl bromide 
'• 
!! and not to the value obtal ned in Trial 1. II 
II 
I 
I 
I 
,, 
I! 
I' 
,J 
Trial 3 
The procedure followed was exactly the same as outlined 
li 
/i in Trial 2, 
/I and the morpholine salt of chloroacetic acid were re!'luxed in 
excep t that the sodium alkoxide of oellosolve 
I /! ether solution for 2 hours. After one recrystallization 
I/ o!' the product from 95.% ethanol, a yield of 2.1 gm. and 
if a melting point of l20-l22°C were recorded.. A second 
I' 
I 
i/ recrystallization produced a solid melting at l23°C and a 
II 
11 third recrys tallization raised the melting point to 123-124.~0 - ~ 
ii 
II 
II II 
li Trial 4 
il 
!I 
!rt Trials 4 and 5, anhydrous dioxane was used as solvent 
II 
11 instead of absolute ether. 
II 
I! 
Five tenths gm. of sodium was 
ji refluxed for 20 minutes ~·; ith 2 ml. of' cellosolve dissolved 
II 
lj li in 10 ml of' anhydrous 1,4-dioxane. 
I' 
Two ml. of morphol1ne 
II 
11 was slowly added to a solution of 2.1 gm. of chloroacet1c 
jl 
l
l, acid in 10 ml. of 1,4-dioxane, and to this solution wa s added 
the dioxane s olution of the sodium alkoxide of cellosolve. ,, 
t; 
li The mixture was refluxed for 30 minute·s·, 20 ml. of 1:4 
I; 
,I il sulfuric acid was added, and the solution made slightly 
='--J=- . . -=-=---===---= 
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ji alkaline with 10% sodium hydroxide solution, then made just 
1/ 
1
1 acid to litmus by the addition of a few drops of dilute 
,, 
1\ sulfuric acid. 
I, 
I! 
F 
I ~
Five gm. of p-phenyl phenacyl bromide and 100 ml. of 
11 95.% ethanol were added, and the mixture was ref l uxed for 3.5 
II hours. After the eolution had cooled, the solid was removed 
li by filtration and recrystallized once from hot ethanol. 
'I 
and the melting point was 121°c. ~~ The yield was 1.2 gm. 
/1 The first recrystallization was very difficult, and it was 
:I 
!I neeessary for the solution to st nd overnight for crystals to 
I, 
jl form. A second attempt to recrystallize the product was 
:j 
j: quite UBBatisfactory. 
1
·;1', 
solution and long standing produced only a thin film of 
Extensive evaporation of the alcoholic 
II i! yellow powder which in no way resembled the solid obtat.ned 
II 
1! in Trial 1. :, 
,. 
Ji 
II 
II I. ji 
Trial 5 
Procedure 4 was repeated exactly as outline~, but 2.6 
IJ gm. of sodium chloroacetate was used instead of the morpholine 
li salt of chloroacetic acid. 
ll 
The sodium chloroacetate was 
!I pre pared by neutralizing an aqueous solution of chloroacetic 
jl acid with sodium hydrozide solutdlon and evaporating until 
.I 
I' 
\i crystals formed. 
\1 After one· recrystallization of the product from hot 
// ethanol a yield of 1.0 gm. was obtained and the me.lting point 
,, 
1! of the solid was 125°C. 
·I 
!J 
1: 
II----
!! 
lj 
I. 
" II 
I! 
!i 
A second recrystallization 
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CONCLUSIONS 
1: ,, The failure of cellosolve to form those solid der1Yatives !i 
:I 
ji which can readily be prepared from the common alcohols is 
,J 
ll probably due to the presence of the ether linkage in the 
,, 
I' 
:1 molecule. For the most part the common alcohol derivatives 
/1 of cellosolve are either soluble in the common solvents such 
,J 
/! as ligroin o f" carbon tetrachloride, or are liquids at room 
d 
I• 
i! t emperature 
I 
li The preparation of the alpha n aphthalide :rrom the Grignard 
/I reagent and a lpha naphthyl isocyanate at first sight promised 
:1 a satisfactory me ans of identifying the cellosolves. However, 
I! 
i! it was found that the Grignard reagent could be prepared on l y 
il 
., 
11 from the beta-bromo-
:/ 
IJ and the yields of these halogenated ethers , after purification, 
and the beta iodo- ethyl ethyl ethers, 
ii were very low. These l ow yields combined with the low yields 
ll of Grignard reagent indicated a very low ove rall yield ot 
II derivative, even assuming that the conversion or the Grignard 
if reagent into the alpha naphthalide would be complete. 
!i Therefore such a procedure would be impractical when applied to 
I. ii the saall quantities of material ordinarily available in 
,, 
I, routine identificat ion work. 
!I ! The suggestion of' preparing the derivatives o f' cellosolve !' 
,I 
\\ which would conta i n an active carbonyl group, prompted by 
II 
ii Bouveault' s work w t h esters of pyruvic acid, seemed an 
I! excellent one. 
.; 
However, the o-benzoyl benzoate f ailed to 
" j! give a 2,4-din i tDophenylhydrazone, possibly due to s ·teric 
I 
I 
I' 
--~==~,r ====~F====== 
I! 
ll 
I! 
11 
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II I j' effect, and a solid semicarbazone could not be obt.ained, either 
!! because of its great solubility 1n the reaction mixture or ! 
'.'. because it was not formed under the condi tiona of the reaction. ~ II 
II The conditions under which the oxime was ttorme·5 led to the .1 !i !~ hydrolysis of the ester, and when these conditions were altered ! 
II 
h 
I' 
:I I. 
II 
II ,, 
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li 
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1! 
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:i 
so that the oxime could be formed, the product was an oil at ro m 
temperature. The phenylhydrazone wa s readily prepared from th 
ester, but it too was an oil. 
Since the 0-benzoyl benzoate of cellosolve failed to give 
so id derivatives, little better results could be expected 
with the beta ethoxy ethoxy acetone. This proved to be true, 
for the 2,4-dinitrophenylhydrazone decomposed without melting, 
the oxime and semicarba zone could not be formed, and the 
phenylhydrazone was an oil. It is possible that other 
carbonyl compounds of cellosolve would be satisfactory for 
this work, but the results obtained with two such different 
derivatives as were used indicate that the probability is not 
great. 
The preparation of quaternary ammonium salts from the 
beta halogen ethyl ethyl ethers still offers possi'bili ties. 
The dlmethyl-phenyl-beta-ethoxy ethyl ammonium bromide, 
dimethyl-phenyl-beta-ethoxy-ethyl ammonium p-toluene sulfonate, 
and the dimethyl-phenyl-beta-ethoxyethyl ammonium benzene I 
I 
sulfonate were prepared as solids, but the great length of time I 
I 
I 
required for t heir formation makes them undesirable for I 
identificat ion purposes. This type of derivative could well I 
T6 
I, 
li be j,.nvesti ated further, for tt.=-~§.. _ _RQ_~~- l,ble that a ter=t~a==r:!::y_>l===fli====== 
!i II ~ 7j ,, 
!j 
J, 
====-..: - ~~ amine c ould be found which would have grea~-=-~-;_==-r~=~~-~~ ve loci ti~ 
'I with the bet~ halogen-ethers or with the p-toluene sulfonates, 
I 
I 
! 1 or other condi tiona could be worked out to increase the 
I! 
11 r eac t ion rates of those compounds already studied, thereby 
~ making the procedure applicable to me t hods of qualitat ive 
:j 
11 analysis • ,, 
II 
Although attempts t o oxidize cellosolve to the corres pond! g 
were unsuccess f ul, it is possi~le that 11 ethyl glycolic acid 
/ the conditions of the oxidation could be so modified that 
It is evident that I satisfactory yield s could be obta ined. 
!I the oxidizing cond i tions were too vigorous, for the odor of 
/[ acetic acid was evident in all the reaction mixtures. 
1: 
•' II Methyl cell osolve and ethyl cel l osolve have both been 
ii catalytically dehydrogenated to the respective me thoxy- and 
'· r ethoxyacetaldehydes by passing the vapors of the alcohols 
,I 
// aver reduced copper at 250°C for the ethyl cellosolve and 
:1 0 
/1 425 C for the methyl cellosolve ( 1). It is quite reasonab le 
!I 
11 to assume that under the proper conditione, cellosolve I' 
11 be oxidized without danger of breaking the chain. !I 
could 
Although the tetrachlorophthalic acid este r of cellosolve !I 
il I; 
II 
11 
II 
could be prepared as a solid derivative in satisfactory yield, 
t he instability of the ester make s it impractical for 
/i derivative work. It is evidently next to impossible to 
,, 
iJ 
,, 
!/ 
/I 
II 
separate the ester from the anhydride, for each recrystalliza-
tion from ether results in some dec ompositi on of the ester. 
'i I, 
/ll ( 1) Drake, Duvall, Jacobe, Thompson, and Sonnicheen, 
--=-=---===: ~~·-'· ===J=o=-=u=r=.c=-~~-=~=h=em=.--::::c =S=o=c=. =' £2, 73, ( 1938) 
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II : 
(I I 
i: ~ r Even if the este; · ~~-~~- ~ -~~ble, the solu.bili ty of the anhyd; ide 
I, 
J! in such organic smlvents as eth e r ·is lower than that of the 
I! 
Ji ester, there f ore purification · of the ester by recrysta llization 
li 
!\ would be incomplete. The ester melts with decomposition, 
!I li and s ince decomposition points may vary with the rate of he a tin , 
11 
II such der ivat i ves are to be avoided i f pos s ible. 
!i 
I 
I 
' 
The one deriva tive which promises satisfa ctory results is 
I the p-phenyl phenacyl ester of beta ethoxy ethyl glycolic 
I 
Jl a cid. 
,, 
The Droce c<.ure for preparing this derivative is not 
!1 
Jl eztremely long or dif f icult, and the product is easily purified 
'' by recrysta llizing from ethanol. The melting point is sharp 
li 
:i and t h ere is no indication of decomposition. Certainly it woul 
1: 
i! be advisable to continue this work and apply the procedure to J, 
i 
!l other members of the celloscnve series and to the members of th I 
J carbitol ser i es a s well. 
I 
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SUMMARY I /! 
ii 
I! II 
lj 
IJ of ethylene glycol monoethyl ether. 
Several attempts have been made to prepare solid· der1vat1v~ 
li ,, 
!i 
II 
The alpha naphthalide has been prepared by first forming 
ll 
11 the beta bromo- or beta 1odoethyl ethyl ether, converting this 
li into the Grignard reagent, and reacting the Grignard reagent 
II . jj with alpha naphthyl isocyanate. A solid derivat :1.ve has been 
J! obtained, but the low overall yield mal{es the procedure 
'I 
!i impractical for derivative work. 
!! The o-benzoyl benzoate of cellosolve has been prepared, 
II 
!1 and several attempts made to form soilid &erivatives which are 
II li characteristic of compounds containing an active carbonyl group. 
,I 
lj Attempts to prepare the 2, 4-dini trophenylhydrazone and 
\! sem1carba~6ile failed, and the oxime ar1d phenylhydrazone were 
I! liquids at room temperature. 
li. 
!: Beta ethoxy ethoxyacetone has been prepared from the 
II . 
Jl sodium alkoxide of cellosolve and chloroacetone, and the prep-
li 
raration of solid deriva tives of this ketone attempted. The 
!!attempt to pre pare the oxime and semicarbazone failet, the 
It 
lj2,4-dinitrophenylhydratone decomposed without melt i ng, and the 
~henylhydrazone was a liquid at room temperature. 
l 
1! The following quaternary ammonium salts have been prepared 
~ rom the beta-halogen ethyl ethyl ethers and the p-toluene 
1: 
il:sulfonate and benzene sulfonate of cellosolve: 
li . 
i' 
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1 
I 
i 
I 
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I ,, 
il 
'I 
II 
li 
j! 
II 
:j 
!I J, 
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Dimethyl-phenyl-beta.-ethoxyethyl ammonium chloride 
Dimethyl-phenyl-beta-ethoxyethyl ammonium bromide 
Dlethyl-phenyl-beta-ethoxyethyl ammonium chloeide 
Diethyl-phEn yl-beta-ethoxyethyl ammonium bromide 
Methyl-benzyl-phenyl-beta-ethoxyethyl ammonium bromide 
Dimethyl-phenyl-beta-ethoxyethyl ammonium p-toluene 
li sulfonate 
I' 
,I 
II 
!\ 
Dimethyl-phenyl-beta-ethoxyethyl ammonium benzene sulfonat~ 
Ji The reaction was slow, and two months were required to 
il obtain solid derivatives. The following compounds were 
II obtained as solid crystalline derivatives in reasonable 
,, 
•· 
Jl quanti ties: 
,, 
\i Dimethyl-phenyl-beta-ethoxyethyl ammonium bromide 
I' 
,! Dimethyl-phenyl-beta-ethoxyethyl ammonium p-toluene 
:i 1 II su fonate 
:i Dimethyl-phenyl-beta-ethoxyethyl a-mmonium benzene sulfonate • 
. I 
I! 
!I i: 
The oxidation of cellosolve with alkaline permanganate 
!l has been attempted. 
li 
Three trials were made, varying the 
l
'j ox i dizing conditions each time, but no material having a 
II boiling point within the range of ethyl glycolic acid could be 
!I obtained. However, it is possibl e that other oxidizing 
II 
!\ conditions could be observed whereby the chain would not be 
II 
\\ broken. 
I; The preparation of tetrachlorophthalic acid esters of 
li cellosolve and methyl carbitol has been attempted; and the 
il est.ers obta ined in reasonable yield. However, it was found 
il 
- ----=·-==·k-=c..-=-·= =====-====-= 
ii 
il 
t: 
I! ,, 
I' ,I 
I! 
l -- -- -----
!l impossible to separate the ester from the anhydride by 
i 
11 recrystallization from ether, for each re·crystallization 
,: ,, 
ij resulted in the decomposition of part of the ester into the 
li 
" !I anhydride and alcohol. Since both esters melt with 
,, 
!j decomposition, they would be rather undesirable for identifi-
11 cat ion work in any event. 
I! The p-phenyl ph€racyl ester of beta etnoxy ethyl glycolic 
Jj acid has been prepared by first preparing the beta ethoxy 
II li ethyl glycolic acid from the sodium alkoxide of cell6solve 
,, 
li and the morpho line salt of ehloroacetie acid, and then allowing 
:: the sodium salt of' this acid to react with p-phenyl phenaeyl 
'I I! bromide. A crystalline solid was obtained which was readily 
1\ I! purified by recrystallization from ethanol, and which shows 
ii 
li a sharp melting point without decomposition. 
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